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J2 (57) Abstract: The present invention includes polymers and photoresist compositions that comprise the polymers as a resin binder 
® componenL Photoresists of the invention include chemically-amplified positive-acting resists that can be effectively imaged at short 
Q wavelengths such iS sub-200 lim, particularly 157 rini; Particular polymers and photoresists of the invention include at least one 
p>. elecironegative group tiiat reduces 157 nm absoibance of a wide spectrum of organic groups including aromatic groups such as 
P*' phenolic moieties. 
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^ NOVEL POLYMERS AND PHOTORESIST COMPOSITIONS 
. COMPRISING ELECTRONEGATTVE GROUPS 

This application claims the benefit of U.S. provisional application number 
60/231,274 filed September 8, 2000, and U.S. provisional application number 
60/253, 1 1 8, filed November 27, 2000, both incorporated herein by reference. 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to new polymers comprising electronegative groups 
and use of such polymers as a resin binder component for photoresist compositions, 
particularly chemically-amplified positive-acting resists that can be eflEectively imaged at 
10 short wavelengths such as sub-200irai and preferably about 157 ran. 

2. Background 

Photoresists are photosensitive fikos used for transfer ofiinages to a substrate. A 
coating layer of a photoresist is formed on a substrate and the photoresist layer is then 

15 exposed flirough a photomask to a source of activatiag radiation. The photomask has 
areas tiiat are opaque to activating radiation and other areas that are transparent to 
activating radiation. Exposure to activating radiation provides a photoiuduced chemical 
transformation of the photoresist coating to thereby transfer the pattern of the photomask 
to the photoresist-coated substrate. Following exposure, the photoresist is developed to 

20 provide a relief image that permits selective processing of a substrate. 

A photoresist can be either positive-acting or negative-acting. For most negative- 
acting photoresists, tiiose coating layer portions that are e?q)osed to activating radiation 
polymerize or crosslink in a reaction between a photoactive compound and polymerizable 
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reagents of the photoresist composition. Consequently, the exposed coating portions are 
rendered less soluble in a developer solution than unejqjosed portions. For a positive- 
acting photoresist, exposed portions are rendered more soluble in a developer solution 
while areas not exposed remain comparatively less developer soluble. Photoresist 
5 compositions are described in Deforest, Photoresist Materials and Processes, McGraw 
Hill Book Ckunpany, New York, ch. 2, 1975 and by Moreau, Semiconductor 
Lithogr^hy, Principles, Practices and Materials, Plenum Press, New York, ch. 2 and 4. 

WMe curr^y available photoresists are suitable for many applications, current 
10 resists also can exhibit agnificant shortcomings, particularly in Mghpraforn^ 

q)pUcations such as formation of highly resolved sub-half micron and sub-quarter mioron 
features. 

Consequentiy, interest has increased in photoresists that can be photoimaged with 
15 short wavelength radiation, includmg exposure radiation of about 250 nm or less, or even 
about 200 nm or less, such as wavelengths of about 193 nm. Use of such short exposure 
wavelengths can enable formation of smaller features. Accordiiigly, aphotoresist that 
yields weU-resolved images upon 248 nm or 193 nm exposure could enable formation of 
. exiremely small (e.g. sub-0.25 nm) features that respond to constant industry demands 
20 for smaller dimension drcuit patterns, e.g. to provide greater ckcuit density and enhanced 
device performance. 

SUMMARY OF TEE INVENTION 

We have now found novel polymers and photoresist compositions that comprise 
25 the polymers as a resin binder component The photoresist compositions of the invention 
can provide highly resolved reUef images upon exposure to extremely short wavelengths, 
particularly sub-200 nm wavelengths, and even sub-170 nm or sub-160 nm wavelengtiis 
such as 193 nm and 157 nm. The polymers of the invention also are useful for resists 
imaged at higher wavelengths such as sub-300 hm e.g. 248 nm. 
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Polymers of the invention include aromatic groups, such as pheayl, phenol, 
naphthylene, etc., and one or more electroii-withdra\ving groups, such as a halogen, nibo, 
cyano, sulfinyl, sulfonyl, and the like. Halogen, particularly fluoro, are especially 
5 preferred groups. 

We have surprisingly found that resins ^Tvith an aromatic component and sucH 
electronegative substitutipn can exhibit good transparency at extremely short 
wavelengths such as 157 mn. See, for mstance, the results set forth in the examples 
10 which follow. Without being bound to theory, preferred electronegative according to the 
invention attract electrons from a variety of polymer or co-polymer bonds to facilitate a 
reduction or avoidance of light absorbance in the sub-200nm range, preferably at 157 nm. 

Significantiy, the present invention now permits use of photoresists in the sub-200 
15 nm range that include ]polymers with aromatic ring substituents. Previously, such 
polymers has been avoided due to unwanted lig^it absorbance below 200nm and 
particularly 157nm. However, we have now found tbat many aromatic ring substituents 
and especially phenolic rings and derivatives thereof provide photoresists useful for short 
wavelength imaging, sudi as sub-170 nm, particularly 157 mn. 

20 

Aromatic polymers of the invention may comprise a wide range of aromatic units. 
Preferred polymers include those that contain phenyl units, particularly hydroxy- 
substituted phenyl units. More particularly, novolaks and p6ly(vinylphenol) polymers are 
particularly preferred The electronegative substitution is preferably a halogen 
25 particularly fluorine or a haloalkyl such as trifluoromethyl and the lik^ An 

electronegative substituent may be present e.g. as an aromatic ring substituent, as a 
substitumt of a linkage between polymer repeat units, and^or as a substituent of a non- 
aromatic imit of the polymer. . ■ . 
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Particularly preferred polymers for use in the resists of the invention include 
halagraiated novolaks and halogenated polymers that comprise phenolic (such as 
provided by polymerization of vinylphenol) and/or other optionally substituted styrene 
units. Preferably Ihe polymers-are fluoiinated. These aromatic polymers.may suitably be 
5 halogenated particulady fluprinated at available positions of the aromatic ring as well as 
at methylene bridge units (of novolak polymers) and/or at available carbons of ^ 
polymer backbone (e.g. in the case of vinylphenol polymer where &s polymer has 
pendant aromatic ffxtaps). 

10 In a prefrared aspect, the invention provides polymers and chemically amplified 

photoresists that contain distinct functional elements. Hiese elwnents can be combined 
by one or a combination of differant means. In a particular embodiment, &ese elements 
are illustrated by the following Formula I: 

15 

1 A 



B 




Formula I 

In that Formula I, the polymer backbone. A, is connected to a ballast moiety, B, 
which is usually present to give etch resistance and, optionally, to raohance otha: 
20 properties such as adhesion, and furliier connected to an acidic moiety, C, whidx, when 
not protected by a chemically cleavable group, D, is capable of promoting the dissolution 
of the polymer in aqueous base. D is typically only present m chemically amplified 
positive resists and is cleaved by acidolysis or hydrolysis in the imagwise ejqjosed 
regions by aphotogenerated strong acid. 
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Polymers in chemically amplified negative resists, usually do not contain element 
D. In negative resists, a crosslinldng agent is present which, in the imagwise-ejqposed 
regions, connects two or more polymer chains, usually through the acidic moiety, C. 

There have been problems using many prior photoresists at sub-200 nm 
wavelengths. Resist absorbance at 157 nm has been a particular concern. For example, 
most current resists require a film thickness of at least about 1 00 nm to provide 
acceptable etch performance particularly yfhcn plasma etchants are used. At that 
10 thickness or greater however, transmittance of sub-200 nm wavelengths such as 157 nm 
is often too low for good resolution imaging. The invention addresses ihese problems by 
providing photoresists with acceptable 157 nm light absorbance even when provided as a 
film having at least about 50-1 00 nm thickness. 

15 \ More specifically, the invention provides novel polymers including at least one 

suitable electronegative group and photoresists comprising same that are capable of 
producing high-resolution images at less than 200 nm and especially 1 57 nm. Such 
photoresists can be configured in film form having a thickness of at least about 50- 
1 OOnm, preferably at least about 150ncn up to about 200 nm. The photoresists of the 

20 invention are generally flexible and can be formulated as positive or negative chemically 
amplified photoresists as needed. 

There is recognition that many current polymers usefiil as photoresists 
significantly absorb light below 200nm. Wi-fliout wishmg to be bound to any theory, it is 
25 believed tiiat by adding one or more electronegative groups to such polymers, it is 

possible to substantially reduce or avoid unwanted light absorbance, particularly below 
170 nm and especially 157nm. As discussed below, more preferred electronegative 
groups generally include or consist of halogen, particularly fluoro, although other 
electronegative groups also will be suitable such as perfluoroalkyl, perfluoroalkylene, 
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cyano, nitro, sulBiiyl and sulfonyl. Particularly preferred electronegative groups witbin 
the scope of this invention are conjugated systems, particularly mono- orpolycyclio 
aromatic systems such as phenyl, that are substituted by at least one electronegative 
group, particularly halogen, especially fluoro and halogenated lower alkyl such as 
5 fiuorinated lower alkyl. 

Resists of the invention that contam a polymer as disclosed can produce highly 
resolved robust relief images. 

10 Accordingly, m one aq)ert, the invention provides polymers (sometimes referred 

to hwein Group I) that may contain distinct repeat units as follows: 

1) polymer badcbone that comprising a plurality of carbon- carbon bond units, 

2) a first electronegative group preferably capable of withdrawing electrons away 
from the polymCT backbone; and optionally 

15 3) a second electronegative group, which may be the same or different than the 

first electronegative group. 

In preferred embodiments, the first electronegative group includes at least one 
electronegative atom, typically halogen, usually less than about twenty (20) of such 
20 atonas. A preferred halogen is fluorine although in some invention embodiments, use of 
other halogen atoms or nitcile may be more desuable. 

In another preferred embodhnent, the second electronegative group includes at 
least one cyano group, usually includuig less than about five (5) of such groups with 
25 about one (1) group being generally preferred. 

It will be appreciated that ywhen a particular polymer ahready has acceptable 
adhesion and/or etch resistance characteristics, addition of the second electronegative 
group to the polymer may not always be necessary. However in embodiments in which 
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particularly good adhesion and etch resistance is required, polymers having the second 
electronegative group will be especially useful. 

Without wishing to be bound by any theory, it is believed the combined use in 
5 polymers of the invention of i) the first electronegative group; and ii) the second 
electronegative group can achieve a significant reduction in sub-20Qnm wavelength 
absorbance, particularly sub 170nm and especially 1 57nm while still imparting to the 
polymer good resistance to plasma etchants. See the Bcamples and discussion that 
follows. Such etch resistance can be critical to achieve desired results in high 
10 performance applications, e.g. forming highly resolved sub-half micron or sub-quarter 
micron resist features. 

Preferred polymers of the invention (including Group I polymers) include those 
that contain at least one additional distinct unit (e.g. teipolymers, tetrapolymers or 
15 pentapolymers) such as an additional, distinct group consisting of hydrogen, an 

electronegative group such as halogen or an acid labile group. The additional distinct 
unit can be covalently bonded to the polymer as needed, e.g., bonding to the first 
electronegative group, the polymer backbone, or in some cases both groups. 

20 In embodiments in which the additional distinct unit is the acid labile group, 

suitably at least one and sometimes two distinct polymer units may contain such acid 
labile groups. Preferred acid labile groups are those recognized in the field and include 
those specific groups provided below. More preferred photoacid-labile groups feature 
negligible absorbance below 200nm, preferably below about 170nm and especially about 

25 1 57nm, particularly when present as a distinct unit of the polymers described herein. 
Additionally preferred acid labile groups are compatible with standard labile group 
protection chemistries and are readily removed using conventional dq)rotection 
manipulatibns. 
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Particular polymer backbone units according to the invaition include those that 
incorporate phenolic residues e.g. novolaks (e.g. cresol-based novolak polymers) and 
poly(viaylpbenols) and such polymers with optional additional units such as a fluorine- 
containmg monomer (a fluorine-containing monomer or polymer units sometimes 
5 referred to herein as a Teflon monomer of a Teflon unit), polyethylene, and alicyclic units 
sudi as norbomene and adamantyL A fluorinated monomer will typically contain a 
source of unsaturadon. Additional suitable fluorinated unsaturated monomers, including 
fluorinated alcohols, ate disclosed below. 

10 More particular polymer badcbones include one of the aforementioned monomCTS 

as a polymerized first repeat unit, and a polymerized second .repeat unit comiaising one 
of the monomers. Preferably, the first and second repeat units are distinct fixmi one 
another although for some applications they may be the same.. For instance, the first 
repeat unit can be unsubstituted, and the second repeat unit can have one or more non- 
15 hydrogen repeat units, e.g. electronegative repeat units. Alternatively, ihe first and 

second repeat units each can have one or more non-hydrogen ring substituents, but where 
the non-hydrogen substitaent(s) of the first repeat unit is different than the non-hydrogen 
substitaenl(s) of the second repeat unit 

20 It is enq)hasized that the scope, of the present invraition is not limited to the 

aforementioned specific polymers and monomeric polymer units. That is, the invention 
can be usefully employed with a wide spectrum of polymers and co-pplymers to 
withdraw electrons from carbon-carbon bonds that absorb (or potentially absorb) below 
200nm, preferably below 170nm and especially at 157nm. The mvention can thus be 

25 used to design new or improve existing polymers and photoresists having minimal . 
absorbance m the sub-200nm range. 
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Specifically, the invention can be used to add one or more functionalized aromatic 
ring substituents to a wide variety of costing polymers for use in photoresist imaging in 
the sub-*2(K)nm and piarticularly 157nm range. See'tiie PCT/LrS99/21912 application for 
illustrative fluorinated polymers that can be so adapted 

5 

As discussed above, polymers of the invention may contain repeat units having 
electronegative substituents in addition to phenyl or other aromatic units, e.g. repeat units 
of Teflon, alicyclic groups such as adamantyl and norbomene, ethylene, and the like, 
which have one or more electronegative substituents such as a halogen particularly 
10 fluorine, or haloalkyl particularly fluoro(Ci.i2alkyl) such as -CF3. The addition of one or , 
preferably at least two different of such additional units can assist control of lithographic 
properties of the polymer, particularly with respect to light absorbance, etch resistance, 
dissolution contrast, adhesion and resolution. 

15 In particular, for reducing light absorbance below 200 nm and particularly at 157 

nm, the first Teflon, norbomene, or ethylene monomer unit desirably includes at least one 
of the first electronegative groups previously mentioned. Particular groups of interest 
include those comprising at least one halogen, typically fluorine, or haloalkyl such as 
halo(Ci,i2alkyI), particularly fluoro(Ci-i2aIkyl) especially perfluoro(CM2aIkyl). In 

20 embodiments in which good adhesion and/or etch resistance is desired, the first monomer 
(e.g. not substituted with any non-hydrogen substituents) can be polymerized and a 
second unsaturated fluorinated monomer such as a Teflon compound, norbomene, or 
ethylene monomer can be polymerized as well As discussed, it will often be highly 
useful to include one or more of the second electronegative groups as a component of the 

25 second monomer unit, preferably an acrylonitrile group, and/or an acrylic ester group 
preferably an acrylic group containing one or more halogens. 
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Thus, in one particular aspect of the invention, polymers are provided that contain 
at least two distinct polymerized unsaturated fluorinated monomers such as a Teflon 
compound, norbomene, or ethyiaie rqpeat units. In this aspect of the invention, such 
polymers may also include at least one acid labile group. Such groups can be a 
5 substituent of one or both of the two distinct repeat urdts, or as a polymer repeat unit 
separate from those units. 

In one invention embodiment, such an acid-labile group may be present together 
with the two or more distinct polymerized unsaturated fluorinated monomers such as a 
10 Teflon compound, ethylene, or norbomene repeat units. 

The invCTtion provides more specific polymers in which at least one of the 
distinct units includes an acid labile group. For instance, the polymer may contain an 
ethylene or norbomene unit to which is bound to a carbon atom of the unit backbone at 

15 least one acid-labile group, usually one of such groups. In another embodiment, the 
polymer includes bound to the first electronegative group, at least one acid labile group 
with one of said groups being generally preferred. In still another embodiment, the 
polymer with the acid-labile group bound to the unit backbone further includes another 
acid-labile group (the same or different jfrom the first acid-labile group bound to the 

20 . backbone) bound tothe first electronegative group. 

In instances in which the acid-labile group is bound to an electronegative group 
consisting of a halogenated alcohol, preferably that bmding will be via an oxygen (oxy) 
bond. In this embodiment, the add-labile group suitably protects the alcohol oxygen 
25 atom fix>m unintended reaction. Thus, especially preferred acid-labile groups will be 
usefiil m conventional protection and deprotection chemistries. 
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Generally preferred polymers of the invention (including Group I polymers) 
include those that contain at least one repeat unit that comprises an acid-labile group, 
often two of such repeat units, which units also include the first and second 
electronegative groiqps mentioned above. Polymers of the invention also may contain 
5 multiple, distinct repeat units, e.g. two distinct repeat units, that each comprise an acid- 
labile group, which contains these groups. 

The invention provides for polymers (including Group I polymers) polymers that 
include one or more ofthe above features. For instance, preferred are terpolymers, 

10 tetrapolymers, pentapolymers, hexapolymers, septapolymers or other higher order 

polymers that contain at least the above groups 1) through 3), i.e. 1) (j)olymer backbone 
group); 2) (first electronegative group, preferably including at least one halogen such as 
fluorine; and 3) (second electronegative group including aoylonitrile). Preferably, at 
least one of the distinct units 1) through 3) has acid labile groups with binding of the 

15 groups to at least vmiU 1) and 2) being preferred. In embodiments in which multiple acid 
labile groups are employed, such groups can be the same or different as needed. 

In another aspect, the invention provides polyiners (Group H) that contain at least 
two of the following repeat units: 
20 1) a polymer backbone comprising a first phenolic ring substituted with hydrogen 

or at least one first electronegative group, the backbone fiarfher compriang at least one 
methylene unit optionally substituted with at least one second electronegative group, 

2) a group comprising a second phenolic ring substituted with hydrogen or at least 
one third electronegative group, 
25 3) a group comprising a third phenolic ring substituted with hydrogen or at least 

one fourth electronegative group, 

wherein, each of the electronegative groups is the same or different, and 

each of the phenolic rings is the same or different. 
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niustrative electronegative groxsps of the above-mentioned Group n polymers are 
graerally the same as those exemplified for the Group I polymers discussed previously. 
Thus, particular electronegative groups of interest include at least one electronegative 
atom, typically halogen, usually less than about twen-fy (20) of such atoms. A preferred 
5 halogen is fluorine although other halogens may be more desirable for some uses of the 
invention 

In a more particular embodiment of liie foregomg Group II polymer, the gco\xp 
including the second phraolic ring further includes a methylene unit optionally 

10 substituted wifli a fifth etecixonegadve group the same or different from the first, second, 
third or fourth electronegative groups. In another embodiment, the second phenolic rmg 
of the Group n polymer includes at least one sixth electronegative group which group can 
be the same or different from the previous electronegative groups (first, second, third, 
etc.). In yet another embodiment, the group including tiie third phenolic ring fiarther 

15 includes at least one seventh electronegative group which group can also be the saine or 
different from the prior electronegative groups. 

In a preferred embodiment, the group comprising the polymer backbone of the 
Group n polymer mcludes at least one polymerized cresol unit (e.g. a 
20 trifluoromethylphenol) with a methylene bridge between polymer units provided by a 
condensation polymerization with formaldehyde to provide a novolak of the invention. 
Thus in a more specific example of the mvention, the polymer includes a first substituted 
novolak repeat unit, a second substituted novolak repeat unit and a third substituted 
novolak repeat unit in which each of the units is preferably different from the other unit 

25 

As an illustration, a particular Group II polymer includes the first substituted 
novolak repeat unit comprismg at least one of the first and second electronegative groups; 
tiie second substituted novolak repeat unit includes at least one of the tiiird, fifth and sfacth 
electronegative groups, and the third substituted novolak repeat unit includes at least one 
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of the fourth and seventh electronegative groups. Preferably, each of the foregoing 
novolak repeat units includes all of the mentioned electronegative groups. Also 
preferably, at least one of the jSrst, second, third, fourth, fifth, sixth or seventh 
electronegative groups include of cdiisist of halogen which halogen is typically fluorine. 

5 " ■ 

The invention provides for more specific Group II polymers that include one or 
more of the above features. For instance, preferred are terpolymers, tetrapolymers, 
pentapolymers and hexapolymers 4at include at least the above groups l)-3), i.e. 1) 
(polymCT backbone group preferably comprising substituted novolak) preferably . 

10 including a methylene carbon substituted with one ortwo halogens, especially two 
fluorine atoms; 2) (second phenolic ring group preferably substituted with at the third 
and sikth electronegative groups, preferably halogmated lower alkyl such as fluoiioated 
lower alkyl); and 3) (third phenolic ring group preferably substituted with the fourth and 
fifth electronegative group, preferably halogenated lower alkyl such as fluorinated lower 

15 alkyl). 

Preferred polymers of the invention (i.e. Group I and n polymers) are preferably 
employed in photoresists imaged at sub lOOnm, preferably below 170nm, and especially 
at 157nm. In some embodiments, the resin will be substantially fi-ee of unsubstituted 
20 phenyl or other unsubstituted aromatic groups. A resm will be substantially fi'ee of 
unsubstituted aromatic groups if it contains less about 5 mole percent, more preferably 
less than about 4, 3, 2, 1 or 0.5 mole percent unsubstituted aromatic groups based on total 
polymer units. In embodiments in which such groups are present includmg certain 
preferred Group n polymers, such groups will include at least one suitable 
25 electronegative groxq) such as a halogen atom, halogenated lower alkyl, halogenated 
lower alkyl alcohol, oi halogenated ring system. As discussed fluorine and fluorinated 
groups are generally preferred. 
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The iavention also contaiiis blends of resins, and positive and negative 
photoresists tiiat contain such resin blends. Preferred resin blends of the invention 
comprise: 1) an aromatic polymer having repeat units with electronegative substituents 
sudi as halogen particularly fluorine, or haloalkyl such as halo(Ci.i2allg^l) particularly 

5 fluoro(Ci.i2alkyl) such as -CFj, especially novolak and polyCvinylphenol) polymers, as 
discussed above; and 2) polymers tibat are substantially free of aromatic units (e.g. less 
than 5, 4, 3, 2 or 1 mole percent aromatic units) and preferably comprise alicyclic units 
sudi as norbonyl, adamantyl and the like, which contain one or more electronegative 
substituents such as halogen and haloalkyl substituents discussed inmiediately above witii 

10 respect to polymers 1> of tiie blend. Suitable polymers of type 2) of such resin blends 
include tiiose disclosed in PCT/US99/21912. The relative amounts of polymers of types 
1) and 2) in a blend may suitably vary relatively widely, e.g. 10 parts by weight of an 
aromatic polymer of type 1) relative to 1 part by weight of a non-aromatic polymer of 
type 2), to 10 parts by weight of a non-aromatic polymer of type 2) to 1 pat by weight of - 

15 an aromatic polymer of type 1). 

Oilier preferred resin blend members also contain two distinct polymers that each 
has aromatic substitution such as aromatic polymers with electronegative substitution as 
described immediately above. 

20 , 

The invention also includes resins tiiat are substantially fiee of aromatic units, and 
positive and negative photoresists tiiat contain sudi resins. The resms are preferably 
substituted witii one or more electron-withdrawing substituents, such as halogen 
particularly fluoro, and haloalkyl, particularly halo(Ci.i2alkyl) such as fluoroCCi-ualkyl) 
25 e.g. -CF3. 

For certain aspects of tiie invention, resists will be preferred that contain higher 
order polymers as described herein, particularly terpolymers (i.e. tiie polymer comprises 
at three distinct repeat units), tetrapolymers (i.e. the polymer contains at least four distinct 
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repeat units) and pent^olymers (i.e. the polymer comprises at least five distPinct repeat 
units). 

Polymers of the invention may be used in both positive-acting and negative-acting 
5 photoresist compositions. GenCTally preferred are chOTucally-ampIified positive-acting . 
resists and chemically-amplified negative resists, i.e. negative-acting resist compositions 
which undergo a photoacid-promoted crosslinldng reaction to render exposed regions of a 
coating layer of the resist less developer soluble than unexposed regions, and positive- 
acting resist compositions which undergo a photoacid-promoted deprotection reaction of 
10 acid labile groups of one or more composition components to render exposed regions of a 
coating layer of the resist more soluble in an aqueous developer than unexposed regions. 

Polymers and resists of the invention also will be useful for imaging at other 
wavelengths such as sub-300 nm wavelengths, particularly at about 248 nm. 

15. 

The invention also includes synthetic methods for producing polymers of the 
invention. In particular, methods are provided for synthesis of a halogenated, piefiarably 
fluorinated, phenolic polymer including novolak polymers and polymers containing 
vinylphenol and optionally substituted styrene units. The synthesis includes oxidation of 

20 the preformed polym^ e.g. witix a strong oxidant such as CrOa ia the presence of acid 
followed by halogenation of the polymer e.g. fluorination with a suitable fluorinating 
agent such as HF. The halogenation particularly fluorination can suitably halogenate 
methylene bridges between phenolic units (in the case of a novolak) or halogenate carbon 
atoms of the polymer backbone (such as a polymer comprising optionally substituted 

25 styrene units). The preformed polym^ suitably may not be halogenated or substantially * 
firee of halogen substitution prior to the oxidation step. A polymer will be substantially 
firee of halogen substitution if les than 5, 4, 3, 2, 1 or 0.5 weight percent of the total 
polymer consists of halogen atoms. 
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Additional synthetic methods of the inventibn iiiclude formatioii of a halogenated 
particularly fluorinated resol compoimd e.g. resol oligomer having a molecular weight of 
about 3,000, 2,000, 1,500, 1000 or less, or about 800, 700, 600, 500. 400 or 300 or less. 
That formed resol can be reacted e.g. in the presence oi aoid .to provide a higher . 
5 molecular weight polymer, e.g. a fluorinated novolak havmg a molecular weight (Mw) of 
about 50,000 or less, more typically about 40,000 or less, even more typically about 
25,000, 20,000, 15,000, 10,000 or 5,000 or less. 

The invention also provides metiiods for forming relief imt^es, including 
10 methods for forming a hi^y resolved rislief image such as a pattern of lines where each 
line has essentially vertical adewalls and a line width of about 0.40 microns or less, and 
even a width of about 0.25, 0.20 or 0. 16 microns or less. The mvention farther provides 
articles of manufacture comprising substrates such as a microelectronic wafer substrate or 
liquid crystal display or other flat panel display substrate having coated thereon a 
15 polymer, photoresist or resist relief image of the invention- 
Other aspects of the invention are disclosed irtfr'a. 

BRIEF DESCRIPTION OF THE DRAWINGS , 
20 FIG. 1 shows the SEM image of the developed resist of Example 14 which 

follows. 

DETAILED DESCRIPTION OF THE INVENnON 

Particular polymers of the mvention include one or more repeat units that 
25 comprise at least one electroneptive gcaap which group typically includes an 

electronegative atom such as a halogen (F, CI, Br, 1). Fluorine is an especially preferred 
electronegative atom. In cases in which the electronegative group is halogen, usually less 
than about twenty five (25) atoms will be employed, preferably less than about twelve 
(12) of such atoms with less than about six (6) to nine (9) often being usefial. 
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Additionally preferred electronegative groups include a plurality of atoms 
arranged as a molecular group. Such a group typically includes at least one . 
electronegative atoni, often more than one of such atoms up to a £^ 
5 molecular group. In this embodiment, preferred electr<megadve groups mclude 
halogenated lower alkyt halogenated low«: alcohol, cyano, or 0-C-O, In preferred 
embodiments the lower alkyl and lower alcohol groups are nearly or fully substituted 
with halogen, typically fluorine. 

10 As discussed, certain Group I polymers of this invention can iiiclude an acid- 

labUe group. Preferably, such groups include, but are not limited to, branched or straight- 
chain lower alkyl, lower alkyl ether including (alkoxy)ethyl vinyl ether, saturated and 
unsaturated cyclic ethers e.g., tetrahydropyranyl ether, lower cycloalkanes, and lower 
alkyl silanes, all of which may be provided by reaction of a hydroxy group with a vinyl 

15 eth^, photoacid-labile esters such as t-butyl esters and the like. 

Preferred polymers of the invention include a halogenated, particularly fluorinated 
. phenol substituent. As referred to herein, the term "phenol substituent", "phenol group" 
or other similar term is inclusive of phenol groups in "masked" form, i.e. whare the 

20 phenolic hydroxy group is bonded to a group such as acetoxy or photoacid-labile group 
such as to form an acDial group or an ester group. Additionally, by stating that the phenol 
is halogenated, particularly fluorinated, it is meant that a halogen such as fluorine can be 
a direct phenol ring substituent, or the phenol ring has a substituent where that substituent 
is halogenated, particularly fluorinated such as a haloalkyl, particularly haloCi.12 alkyl, 

25 e.g. -CF3, -CF2CF3 and other perhalogenatedCi-nalkyl, -CF2CH3, "CF2CFH2, 

-CF2CH2CH3, and the like. A halogenated phenol also may comprise a mixture of 
different types of halogen ring substituents, e.g. one or more fluoro substituents and one 
or more haloCi.12 aUcyl such as one or more CF3 substituents. 
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A halogenated phenol group suitably may have one or more halogen substituents, 
typically^ 1, 2, 3 or 4 halogen substituents such as fluoro, more typically 1, 2 or 3 halogen 
substituents. For instance, suitable halogenated phenolic units of polymers of the 
invention include the following units i, 2, 3, 4 and 5: 




As indicated above, preferred polymers of the invention include novolaks, such as 
1 5 polymers that contain repeat units of the following Formula A: 



20 




wherein in the above Formula A each , and R^ may be the same or different 
and may be hydrogen or a non-hydrogen substituent provided at least one of R^., R^ and 
is a halogenated substituent, particularly a fluorinated substituent such as F or CF3 or 
25 other perhaloalkyl; 

R* and R^ may be the same or differmt and may be hydrogen or a non-hydrogen- 
substituent including a halogen substituent such as F, perhaloCi-nalkyl including 
perfluoroCi.i2alkyl such as CF3, aryl substituted with halo such as particularly 
fluorophenyl or fluoronaphthyl particularly pentafluorophenyl and trifluoromethylphenyl, 
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and the like, and other non-hydrogen substituent such as aryl particularly phenyl and the 
like, alkyl such as Ci-i2alkyl, alkoxy such as Ci-n alkoxy, cyano, etc. 

Novolaks of the invention may contain a single type of halogenated phenolic unit 
5 such as only 2,3-difluorophQiolic units, or a mixture of different phenolic units, e.g. 2, 3, 
4, 5, 6, 7, 8, 9, or 10 or more different halogmated phenolic units, such as a mixture of 
halogenated phenolic units of the above Formula A. 

Novolaks of the invention optionally may specially purified after synthesis for use 
10 in a photoresist of the invention. For instance, a polymer of the invraition may be 

firactionated to remove undesired fractions, e.g. low molecular weight fractions. Use of a 
more narrow molecular weight distribution polymer may be especially preferred for 
polymers containing photoacid-labile moieties. 

15 Phenolic polymers, including novolak polymers of the invention may be 

synthesized by a variety of routes. An acid-promoted condensation of reaction 
components is one preferred route, e.g. reaction of an aromatic compound preferably 
having electronegative substitution such as fluorine or fluoro(CM2alkyl) e.g. -CF3 and 
comprising a hydroxy substituent such as a phenol, cresol, resorcinol, an oxymethyl 

20 phenyl compound including bisoxymethyl phenols, and a carbonyl-contaimng compound 
such as formaldehyde or the like, or other keto-containing compounds such as an 
aromatic aldehyde e.g. salicyaldehyde, benzaldehyde, and substituted brazaladehydes 
e.g. 2-chloroben2aldehyde, 3-hydroxybenzaldehyde, 4-hydroxybenzaldehyde, 2- 
methoxybenzaldehyde, 3-nitroaldehyde and the like, preferably having electronegative 

25 substitution such as fluorine or fluoro(CM2alkyl) e.g. -CF^. The reaction is conducted in 
the presence of a suitable acid, e.g. a mineral acid such as HCl, or sulfuric acid, or an 
organic acid such as fomiic acid and the like. More vigorous reaction conditions 
typically will be required for condensation of an aromatic aldehyde relative to an 
aliphatic aldehyde such as formaldehyde, e.g. the reaction can be run at reflux in a 



wo 02/21216 



PCT/USOl/28018 



20- 



suitable non-interfering organic solvent such as acetone and Hie like. See generally U.S. 
Patents 5^32389 and 5,529,880, both to Zampini and assigned to the Shipley Company, 
for a discussion of suitable synthetic procedures and reagents. A divalent metal catalyst 
also may be employed in the polymer synthesis. 

Preferred Group I polymers of the invention include those of the foUowmg 
Formulall: 



x'n H3.nC 




Formula n 



10 



15 



wherein R and R W each independently are hydrogen or an acid labile group; 
R^ is the second electoonegative group, 

X and are each independently halogen the same or.diffMent, preferably 
fluorine atom, 

A is an optionally substituted me&ylene, mono- ot polyalicyclic group such as 
norbomene, 

n and m are each independaatly 0, 1, 2, or 3; and 

q and r are each mole percent of the depicted polymer units and are each greater 
thanO. 
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In a more specific embodiment of the Qrovp I polymer r^esented by Formula I, 
R and are each indqjendenfly -H, t-bulyl, 2A-dmethyl-3-methylproi^l, or 
compoimds represented by the following structures: 

5 ■ 




10 1,1,2-trimethylpropyl, 1,1,2,2-tetramethylpropyl, 




15 tetrahydropyranyl, i-ethoxypropyl, ethyl-2'-trimethylsiianyl, 

20 2-oxa-bicylco [2.2.1] hept-6-yl (exoisomer) including alliylated derivatives th^of such 
as2-methyK 

25 

7-thia-bicyclo[2.Zl]hept-2-yl (endoisomar) including alkylated derivatives thereof such 
as2-methyls . 

as well as suitable ketals, acetal, fonnals, and orfho esters the same or different, R^ is 
acrylonitrile, 
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X and are each fluorine; and 
n is 1, 2 or 3 and m is 0 or 1. 

Preferred Group n polymers of the invention are represented by the following 
5 Formula ni: 




ox 



O 



Tzr 



15 wherem in Formula III each R\ and may be the same or different and may 

12 3 • 

be hydrogen or a non-hydrogen substituent provided at least one of R , R and R is a 
halogenated substituent, particularly a fluorinated substituent such as F or CF3 or other 
perhaloalkyl such as perhalo(Ci.i2alkyl) including perfluoro(C3^alkyl); 

each R"^, R^ and R^' may be the same or different and may be hydrogen or a non- 
20 hydrogen-substituent including a halogen substituent such as F, p^halpCi.ualkyl 

includmg perfluorCi-i2alkyl such as CF3, aiyl substituted with halo such as particularly 
fluorophenyl or fluoronaphthyl particularly pentafluorophenyl and triflupromethylphenylj 
and the like, and other non-hydrogen substituent such as aryl particularly phenyl and the 
like, alkyl such as Ci-iaalkyl, alkoxy such as Ci-n alkoxy, ^ 
25 X is hydrogen or non-hydrogen substituent particularly to form with tiie depicted 

oxygen an ester, ether,, acetal or the like; 

n is greater than zero and is the mole percent of the depicted polymer unit • 
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Preferred polymers according to Fo^ula m, above, feature phenolic substltuents 
arranged in a meta configuration. 



Preferred monomers for use in syn&esis of polymers of the invention include 
5 those of the fbUowing formulae! through 13: 




OK 






Of 



^1,2. or ^\ 




o 
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. Of/ 

Additional specifically suitable units of polymers of thednventibii intsluafe'thei' 
following units 14 through 17, where the wavy line indicates covalrait linkage to the 
15 polymer. Such units can be readily provided by polymerization of tiie corresponding 
vinyl or other alkene monomers: : 



20 





CM 



25 



Specifically preferred phenolic polymers of the invention include the following, 
where synthetic routes are also depicted. For some of tiie polymers, mole percents of the 
depicted polymer units based on total polyma units are shown as x, y and/ or z. 
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Preferred Gioiip I polymers of liie krvention provide a positive v^orking, single layer 
resist system based on fluorinated alcohol chemistry. The Group II polymers provide a single- 
layer positive resist based on a unique fluorinated novolak chemistry suitable for production at 
critical dimensions down to 70 nm. Specifically preferred positive photoresists will feature low 
absorbanc^ fenctionalized matrix polymer, capable of bong rendered aqueous base soluble in 
the presence of a strong acid, a photoacid generator solvents arid additives. 

An objective of the invention is to provide new polymers that exhibit ttie required 
absorbarice, dissolution characteristics and etching resistance necessary to produce a high 
resolution photoresist^ In one aspecl, the invention features polymers and photoresist 
compositions that include functionalized phenolic polymers. Such polymers include electron 
withdrawing groups such as fluorine containing moieties. Klxistrative of such polymers are the 
Group n polyme3:s mentioned above. In addition, the present invention provides a new class of 
cx)polymers exemplified by the Group I polymers mentioned previously. One such example of 
Group I polymers is based on aciylonitrile and viayl hexafluoroisopropanoL 

It has been found that by using substituted phenols and fluorinated. alcohols, it is 
generally possible to avoid difficulties such as resist swelling during devdopment and adhesion 
failure that can arise when caiboxylic acids are used to impart the nec^sary solubility in 
developer. It will be recognized that such polymers can be functionalized as necessary and as 
such, formulated as positive or negative chemically amplified photoresists, 

. The presence of one or more of the electronegative groiqss disclosed herein, particularly 
halogen and especially fluorine can significantiy reduce excessive absorption of 157 nm. 

As discussed, the invention provides two general classes of resist polyma:, which can 
be fimctionalized to produce positive-tone resists: Group I: resists based on fluorinated 
alcohols with acidities comparable to that of phenol and Group II resists made fi-om fluorinated 
phenolic materials, specifically substituted withtrifluoromethyl groups to avoid absorbing 
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energy at 157 nm, thus taking advantage of the transparency "Svindow" in the energy region 
between the transition to the second excited singlet and radiative ionization. These materials 
will offer low absorbance and permit use in conventional developers. Furthermore, it is 
believed that the enhanced fluorine content will reduce the surfece tension in the developed 
5 resist, thereby reducing the tendency of the resist pattern to coll^se during the rinse. 

Initial studies of polymer materials at 157 nm indicate ftat one challaige to designing 
andbuilding aMghresolutionresistis the absorbance of the p^^ SeeKunz-etaL, 
Proc. SPIE-lht Soc. Opt Eng, (1999), 3678 (PL 1, Advances in Resist Technology and 
10 Processing XVI), 13-23. PhenoHc, acrylic, and ehtirely aliphatic polymers (e.g., polyethylene 
or polynorbomene) were reported to have prohibitive absorbance. 

The following are preferred monomers to produce Group I polymers of this mvention. 




Tenon AF* Polynoiboraene PolyethyJene . UV4 Copolymer 



Reansofihe invention suitably contain polymerized u^ . 
acrylonitrile (AN, I), vinyl hexafluoroisopropanol (VHFI, II) and ally! 
hexafiuoroisopropanol (AHFI, HI). 

V r 

i FaC CF3 "°V 

I OH FaC^Va 

• I n in . . 
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In the above structures 1, 11 and HI, R may suitably be-H, -CHs, -F, -CF3 and may 
be substituted appropriately to provide reactivity and impart as low an absorbance as 
possible. Polymers of acrylic monomers with a-trifluoromethyl acrylonitrile are known, 
5 as are polymers of a-fluoroacrylonitrile. For the latter, Q-e values were detenmned to be 
Q - 0.43 and e = 1 .28. Poly-flnoroacrylouitrile undergoes dehydrofluorination followed 
by cyclization of the contiguous nitrile moieties at approximately 200** C. 

Preferred polymers of the invention include Group I polymers having the 
10 following formulae: 



15 




where 



CH3 CH3--'^"*^CHa • ^CHs 




XH3 




as well as other acid labile groups. The latter three protecting groups can be particularly 
20 for 1 57 nm imaging because of lower absorbance and more fecile deprotection chemistry. 
Prefiaxed deprotection occurs by acidolysis during apost-e3q)osure-bake step in reactions 
similar to the following; 
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The acid-labile tetrahydropyanyl ether is shown above for illustrative purposes; 
othar deblocking groups may be more preferred, particularly for 157 run imaging. 

5 In one preferred aspect of the^iavention, Groiq) II polymers include substituted 

novolak and pblyhydrojcystyrene resins. Suitable polymers and the synthesis thereof are 
as follows: 




10 

where R = H, -CF3. The meta isomer and the 3,5 bis(trifiuoromethyl) phenol are the only 
two fluorinated phenols that can fonn a novolak polymer because the ortho and para 
isomers decomposed at the temperatures required to carry out the polymeri2ation 
reaction. The phenolic monomers are commercially available. 

15 

In another embodiment, polymers of the invention maybe substantially free of 
aromatic groups. More particularly, preferred polymers that are substantially free of 
aromatic grotqjs contain less than about 5 mole percent aromatic groups, more preferably 
less than about 1 or 2 mole percent aromatic groups, still more preferably less than about 
20 0.1, 0.02, 0.04 and 0.08 mole percent aromatic groups and even more preferably less than 
about 0.01 mole percent aromatic groups. Particularly preferred polymers are completely 
free of aromatic groups. At least many aromatic groups can be highly absorbing of sub- 
200 mn radiation and thus can be undesirable for polymers used in photoresists imaged 
with such short wavelength radiation. 

25 
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Suitable polymers that are substantially or completely free of aromatic groups 
suitably contain acrylate units such as photoacid-labile acrylate units as may be provided 
by polymerization of methyladamanatylaciylate, mefhyladamanylmetharaylate, 
ethylfencylaciylate, ethylfencylmethacrylate, and the like; fiised non-aromatic alicyclic 
groups such as may be provided by polymerization of a norbomene compound or other 
alicyclic compound having an endocyclic carbon-carbon double bond; an anhydride such 
asmaybeprovidedbypolymerization of nialdc anhydride; andfhel^^^ Repeat units of 
such polymers preferably have electron-withdrawing substituents such as halogen 
particularly fluorine, and haloalkyl particularly halo(Ci.i2aIkyl) especially fluoro(Ci. 
i2alkyl) e.g. -CF3. 

It also has been found that polymers of the invention may contain aromatic groxq)s 
and will not exhibit excessive absorbance of short wavelength e?cposure mdiation, such as 
sub-170 nm or sub-160 nm radiation, particularly 157 nm e3q)osure radiation, As 
discussed above, such aromatic groups preferably have one or more ring substituents that 
are electron-withdrawing groups, e.g. halogen particularly fluoro; or perhaloalkyl, 
particularly perfluorpalkyl such as trifluorometfayL 

In a more particular embodiment, the invention provides polymers that may be 
substantially free of imsubstituted aromatic groups or aromatic groups of any lype and 
include flie following units: 

in which X is c^ano, fluorinated lower alkyl e.g., 
CF3 with the proviso that X is not fluorine, 



.1) 



r 

X 
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ki which Ri is an electronegative group other than 
fluoioalkyl; 



in which R2 is hydrogen, an acid group, blocked 
acid group, or R2 is -(CH2)n-C(CF3)2-0-Y with the 
proviso that Y is hydrogen, an acid oleavable group 
e.g., t-Boc, and n is 0, 1, or 2, 



in which Y is defined in 3) above, 




c2i 



in which Ri is defined in 2) above, Y and n are 
defmed in 3) above, 



in v\Mch nl is 0, 1, or 2, prefaably 0, 



in viich R3 is F or H with F being preferred; and 
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8) 




1^ 




Y 

in v^^ch Y is the same as defined in 3) above, and 
. R4 is &e same as R as defined in 2) above. 



1 0 Additional monomer units in accord with the invention can be made by the . 

following synthetic routes: 



1) ^-^^^"^^^-^ /A^^, . inwhichXisH, 



15 



20 



25 



OH, Y, or 
OY in which Y is defined as 
H, acid cleavable group, 
t-Boc 



2) 



I 



2) 




^^^/v in which X is fluorinated 

lower alkyl or cyano with the 



proviso X is not fluoro. 



Polymers of the invention can be prepared by a variety of methods. One suitable 
method is an addition reaction which may include free radical polymerization, e.g., by 
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reaction of selected monomers to provide the various units as discussed above in the 
presence of a radical initiator under an inert atmosphere (e.g., N2 or argon) and at 
elevated temperatures such as about 70*^C or greater, although reaction temperatures may 
vaiy depending on the reactivity of the particular reagents employed and the boiling point 

5 ofthe reaction solvent (if a solvent is employed). Suitable reaction solvents include e.g. 
tetrahydrofiiran, ethyl lactate and the like. Smitable reaction temperatures for any 
particular system can be readily determined empirically by those skilled m the art based 
on the present disclosure. Avariety of free radical initiators may be employed. For 
example, azo compounds may be employed such as a20-bis-2,4-dimethylpentanfinitrile. 

10 Peroxides, peresters, p^cids and persulfetes also could be employed. 

As discussed, various moieties may be optionally substituted, including groups of 
Formulae I, n and HI. A "substituted" substituent may be substituted at one or more 
available positions, typically 1, 2, or 3 positions by one or more suitable groups such as 
15 e.g. halogen (particularly F, CI or Br); Cm alkyl; Ci-s alkoxy ; C2^ alkenyl; €2-8 alkynyi; 
hydroxyl; alkanoyl such as a Ci^ alkanoyl e.g. acyl and the like; etc. 

Preferred substitution groups will generally include or consist of at least one 
halogen atom, preferably fluorine such as fluorinated lower alkyl, perfluoroalkyl, and 
20 perfluoroalkylene, fluorinated cycloalkyl, and fluorinated ethers and esters including 
fluorinated cyclic ethers and fluorinated cyclic esters. 

Examples of alkyl and lower alkyl include methyl, ethyl, propyl, b^^^ 
hexyl and tiie like, preferably methyl, ethyl and propyl. Suitably alkyl and lower alkyl 
25 groups will contain from 1 to about 8 carbon atoms, more typically 1 to about 6 carbon 
atoms. 

Preferred optionally substituted styrene and substituted styrene groups will be 
substituted with one or more electronegative groups such as a halogen, particularly 
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fluorine at available ring position* Substituted vinylphenol is a preferred styrene group, 
Fluorovinylphenol including monofluorophenol H^sFOH), difluorophenol 
(-G6H2F2OH5, tiifiuorophenol (-CeHFsOH), and tetrafluorophenol ("C6F4OH) are 
preferred polymer units. 

5 

Certain preferred polymers for use in the invention will include both phraolic 
units and phenyl units that do not have hydro:^ substitutioiL However, preferably both 
the phenolic units and the styrene units will have one or more electronegative 
substituents, particularly halo, especially fluoro. 

10 

Preferably a polymer of the invention will have a weight average molecular 
wei^t (Mw) of about 800 or 1,000 to about 1 00,000, more prefei^ly about 2,000 to 
about 30,000, still more preferably from about 2,000 to 15,000 or 20,000, with a 
molecular weight distribution (Mw/Mn) of about 3 or less, more preferably a molecular 
15 weight distribution of about 2 or less. Molecular weights (either Mw or Mn) of the 
polymers of the invention are suitably determined by gel permeation chromatography. 

Polymers of the invention used in photoresist formulations should contain a 
sufficient amount of photogenemted acid labile ester groups to enable formation of resist 
20 relief images as desired For instance, suitable amount of such acid labile ester groups 
wall be at least 1 mole percent of total units of the polymer, more preferably about 2 to 
40, 50, 60 or 70 mole percent, still more typically about 3 to 30, 40, 50, 60 or 70 mole 
percent of total polym^ units. See the examples which follow for exemplary preferred 
polymers. 

25 

A variety of photoacid-labile groups may be employed in resists of the invention. 
For instance, as discussed above, phenolic groups of polymers of the invention may be 
reacted with vmyl ettxers such as ethyl vinyl ethyl ether to provide a photoacid-labile 
acetal group. Photoacid-labile ester groups such as provided by polymerization of t-butyl 
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mefhacrylate or t-^butyl triflupromelliylacfylate also may be co-polymerized vnih other 
polymer umts. 




hexa|hap]ra>^g^^ z^ndmer having aii aiMitidM iiiis^lede (CE|0 SSIM^^I 
10 group Ci.B. CHi=GHCEfcqCF3)20H), vAichcanbe made vdth the corresponding Grignard 
leagept (i-g,:«a!ifT0HCH2MgBr)l 



JhP^ F3C- 



-CFa 



6u 



15 Polyaoylonitrile was also found to have ^ The 

mcMiomerwiUin:?)art both good adhesion Thepolymeris 
synthesized with an add-laMe protecting group such as the one shown below and fonntdated 
with a photoaddgCTLerator to yield a positive-tone resist A fluorine-containing acryloniftile 
monomers also can be substituted for acrylonitrile, as represented by R in the scheme 

20 immediately below. Also preferred is use of the hexafiuoroalcohol monomer having an 

additional methylene (CH2) group adjacent to the viayl group (i.e. CH2=CHCH2C(CF3)20H) 



FnC- 



-CF3 



OH 
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Negative photoresists of the invention are synthesized in the same nianner, except flie 
uqorotected polymer (i.e. no photoadd-labile groups) is direcfly formulated wifli a photoacid 
g^aatorandanamiaopiastcrossliiiker. After e3g>osureandpost-e5g)osur&-bake^ the re^ 
be ctossJiiiked sufiBdenlly to become i^ 

the tmeicposed region, as generally depicted in the exemplary scheme immediately above. Also 
preferred polymers fisr use in negative resists ^ 

additional methyleine group (CH:;^ is interposed betwem the polymer backbone and quatraary 
carbon (-C(CF3)a6H). 




Polymers for use in resists also may be readily synthesized from commercially 
available monomers, such as exemplified in the following reaction scheme: 




where in those above stmcture R is suitably hydrogen, halogen such as fluoro, Cj^^alkyl 
such as methyl, Ci^oalkyl such as -CF3. These materials can be fuifher modified, as 
desired, e.g. by fiuorinating the methylene bridges as described below m Example 1. The 
polymer then can be substituted with an aciid-labile protecting group (e.g. an acetal or ester 
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group grafted onto the ling hydroxy group) and fbnnulatedwitih a photoacid general 



Polymers made with these systems will be made from known monomers. The 
5 fluorinated alcohol monomers are made according to the following reactions: 



"1 ^ X 

lllgBr R 



J 



H7O 



B3C- 



MgBr FjC^ R OH . . 

In the above reacdons, R' can be -H, -CH3 or -CF3 and will be varied to adjnst the 
10 acidity and Tg of the polymer. In addition, there is some indication that etching 

resistance can be influenced by the choice of R*. Starting materials for these reactions 
are all commercially available. 

If these monomer^^aie made in ethers such as tetiahydro&ran, a product likely to - 
15 be isolated from the r^didh will be the hydrogen-bonded ether adduct. For example, 

one,.sbtadm|faS.]flf..^^ ^™ 
■EiE,, ,ihe etherate boiiS at ^irojomateiy 1 00° C wMle Ihe pure coMpblind boils at 72- 

74^ C. ..r.,-.-- 



FjC CFg 



20 



6 
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Pure VHFP is obtained by distilling the etherate from concentrated sulfuric acid 

These monomers are suitably copolymerized with mefhacrylonitrile or 
acrylonitrile using standard freie-radical chemistry. 



F3C- 



-R' 



OR 




In the scheme immediately above, R can be -H, -F, -CH3 or -CF3 and will be 
chosen to minimize absorbance by withdrawing electron density from the polymer 
10 backbone. The polymers thus formed will be used either directly or functionalized with 
conventional deprotection chemistry such as the ethojg^ ethyl groig> as shown below. 



F3C- 




OH 



"IT" 




15 While the (ethoxy)ethyl vinyl ether protecting group is shown, the specifics of the 

deprotection chemistry will be dictated by considerations of outgassing during exposure, 
post-exposure-bake time and temperature sensitivity and hydrolytic stability as it pertains 
to resist shelf-life. Other acid-labile groups include but are not limited to the following: 



H3C— S»— CH3 
CHa 
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Halogenated (including fluorinated) novolak polymers discussed above caabe 
modified further to reduce absorbance by fluorinadng the methylene bridges. This is 
accomplished first by oxidadoiu 



th©a by fluorination. 






t> X - 



HO^ 




10 As shown above, the sequential steps of oxidation and fluorination provide the 

-CF2- linker between phenolic groups. 



Such novolak polymers can be protected with photoacid-labile groups and 
undergo deprotection reactions as generally discussed above, such as with the 
1 5 hexafluoroisopropanol moieties. Deprotection can for instance during the post-exposure- 
bake step as follows: 
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Tke above shown protected polynias can be made by known procedures, usually 
involving the reaction of tixe phenol with a vinyl ether such as dihydropyran under acidic 
conditions. 
5 ■ 

Also suitable are resists that contain polymers having phenolic units substituted 
with one or more dectronegative groups (e.g. fluoro or other halogen, haloalkyl such as 
fluoroalkyl particularly -CF3). Such substituted polymer units can be significantly 
transparent to short wavelength radiation such as sub-170 nm radiation particularly 1 57 
10 nm. 

Fluoiinated phenolic polymos will be synthesized &om commercially available 
monomeis according the known reaction: 



15 




where R - H, -CH3. These materials can be further mocMed, if necessary, by 
fluorinating the methylene bridges. The polymer will be substituteclwith a deprotecting gmup 
as in Ihe case above to form the baas of aposrtive resist 

20 

Methylene bridges also can be fluorinated, such as by the following route, which 
includes (1) oxidation of the methylene groups: 
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(2) fluorination of liie ketone moieties to yield the difluoromethylene moiety: 



5 




A suitable acid labile protecting group such as discussed above can be substituted 
at the phenolic hydroxyl groups. This is shown for the case of tibe tetrahydropyranyl 
10 moiety below: 




In the above reaction, X suitably can be either -H or -F. As above, acid is 
15 generated in the exposed resist fihn. The deprotection reaction occurs during the post- 
e3q5osure bake step and is essentially the reverse of that shown. 
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As discussed above, the polymers of the invention are highly useful as a resin 
binder component in photoresist compositions, particularly chemically-amplified positive 
resists. Photoresists of the invention in general comprise a photoactive component and a 
resin component that comprises a polymer as described above. 
5 - ' . 

The resin component is suitably used in an amomt sufiSdent to render a coating 
layer of the resist developable with an aqueous alkaline developer. 

Preferred resist compositions of the invention also comprise a photoacid generator 
10 (i.e. *TAG") that is suitably employed in an amount sufficient to generate a latent image 
in a coating layer of the resist upon exposure to activating radiation. As discussed, a 
wide variety of photoacid gen^ators (PAGs) can be used with the present mvention, 
including both ionic and non-ionic photoacid generator compounds. 

15 More particularly, preferred PAGS for use in resists of the mvention include 

onixmi salt compounds including iodonium and sulfonium compounds; and non-ionic \ 
PAGs such as imidosulfonate compounds, N-sulfonyloxuimide compounds; 
diazosulfonyl compounds and otiier sulfone PAGs including a,a-methylenedisulfones 
and disulfonehydrazines, nitrobenzyl compounds, halogenated particularly fluorinated 

20 non-ionic PAGs. Preferred PAGs for use in resists of the invention also include those 
that do not have aromatic substitution. 

Specifically suitable PAGs include the following, where the depicted iodonium 
and sulfonium compounds may suitably have any of the depicted counter anions. 
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Suitable PAGs for use in resists of the invention also include imidosulfonates 
5 such as eompounds of the following formula: 



10 




OSO2R 



wherein R is camphor, adamantane, alkyl (e.g. Cun alkyl) and perfluoroalkyl such as 
perfluoro(CM2aikyI), particularly perfluorooctanesulfonate, perfluorononanesulfoaate 
and the like. A specifically preferred PAG is N-[(perfluorooctanesulfonyl)oxy3-5- 
norbomene-2,3-dicarboximide. 



Other known PAGS also may be employed in the resists of the invention. 
Particularly for 193 nm unaging, generally preferred are PAGS that do not contain 
15 aromatic groups, such as the above-mentioned imidosulfonates, in.order to provide 
enhanced transparracy. 

A preferred optional additive of resists of the invention is an added base, 
particularly telrabutylammonium hydroxide (TBAH), or tetrabutylammonium lactate, 
20 -vrtiich can enhance resolution of a developed resist relief image. For resists imaged at 
193 nm, a preferred added base is a hindered amine such as diazabicyclo undecene or 
diazabicyclononene. The added base is suitably used in relatively small amounts, e.g. 
about 0,03 to 5 percent by weight relative to the total solids. 
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Photoresists of the invention also may contain other optional materials. For 
example, other optional additives include anti-striation agents, plasficlzers, speed 
enhancers, etc. Such optional additives typically will be present in nodnor concentrations 
5 in a photoresist composition except for fillers and dyes which may be present id relatively 
large concentrations, e.g., in amounts of from about 5 to 30 percent by weight of the total 
weight of a.:^sisf s dry components. 

The resists ofthe invention can be readily prqjared by those skiU For 
10 example, a photoresist composition of the invention can be prepared by dissolving the 
components of the photoresist in a suitable solvent such as, for example, cyclohexanone, 
2-heptanone, ethyl lactate, ethylene glycol monomethyl ether, ethylene glycol 
mpnomethyl ether acetate, propylene glycol monomethyl ether; propylene glycol 
monomethyl ether acetate and 3-ethoxyethyl propionate. Typically, the solids content of 
15 the composition varies between about 5 and 35 percent by weight of the total weight of 
the photoresist composition. The resin binder and photoactive components should be 
present in amoimts sufficient to provide a film coating layer and formation of good 
quality latent and relief images. See the examples which follow for exemplary preferred 
amounts of resist components. 

20 

The compositions of the invention are used in accordance with generally known 
procedures. The liquid coating compositions of the invention are applied to a substrate 
such as by firming, dipping, roller coating or other conventional coating technique. 
When spin coating, the solids content of the coating solution can be adjusted to provide a 
25 desired fihn thickness based upon the specific spinning equipment utilized, ttie viscosity 
of the solution, the speed of the spinner and the amount of time allowed for spinning. 

. The resist compositions of the invention are suitably applied to substrates 
conventionally used in processes involving coating with photoresists. For example, the 
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composition may be applied over silicon wafers or silicon wafers coated with silicon 
dioxide for the production of microprocessors and other integrated circuit components. 
Alimiinum-alxuniniim oxide, gallium arsenide, ceramic, quartz, copper, glass substrates 
and the like are also suitably employed. 

5 * 

Following coatmig of the photoresist onto a surfece, it is dried by heating to 
remove the solvent until preferably the photoresist coating is tack ftee. Thereafter, it is 
imaged tiarougji a mask in conventional manner. The exposure is sufiBcient to effectively 
activate the photoactive compcMoent of tiie photoresist Systran to produce a patterned 
10 image in the resist coating layer and, more specifically, tiie exposure energy typically 
ranges fi^m about 1 to 100 mJ/cm^ dependent upon tiie e^qposure tool and tiie 
components of the photoresist composition. 

As discussed above, coating layers of ihe resist compositions of the invention are 
15 preferably photoactivated by a short exposure wavelength, particularly a sub-300 and 
sub-200 nm e^qwsure wavelength, and even sub-170 nm wavelength. As discussed 
above, 157 nm is a particularly preferred exposure wavelength. However, tiie resist 
compositions of tiie invention also may be suitably imaged at higher wavelengths. For 
example, a resin of tiie invention can be formulated with an appropriate PAG and a 
20 sensitizer if needed and unaged at higher wavelengtiis such as about 193 nm or 248 nm. 

Following exposure, tiie film layer of the composition is preferably baked at 
temperatures rangmg fiom about 70°C to about 1 60*^0. Thereafter, tiie fihn is developed. 
The e}q)Osed resist fihn is rendered positive woikmg by employing a pol^ developer, 
25 preferably an aqueous based developer such as quaternary ammonium hydroxide 

solutions such as a tets^^alkyl ammonium hydroxide solution; various amine solutions 
preferably a 0.26 N tetramethylammonium hydroxide, such as etiiyl amine, n-propyl 
amine, diethyl amine, di-n-propyl amine, trietiiyl amine, or metiiyldietiiyl amine; alcohol 
amines such as diethanol amine or triefhanol amine; cyclic amines such as pyrrole, 
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pyridine, etc» In general, development is in accordance with procedures recognized in the 
art. 

Following development of the photoresist coating over the substrate, the 
5 developed substrate may be selectively processed on those areas bared of resist, for 
exanq)ie by chemically etching or plating substrate areas bared of resist in accordance 
with procedures known in the art. For the manufecture of microelectronic substrates, 
e.g*, the manufacture of silicon dioxide wafers, suitable etchants include a gas etchant, 
e.g. £ halogen plasma etchant such as a chlorine or fluorine-based etchant such a CI2 or 
10 CF4/CHF3 jStdhant applied as a plasma stream. After such processmg, resist may be 
removed firom the processed substrate using known stripping procedures. 

All documents mentioned herein are incorporated herein by reference. The 
following non-lunitmg examples are illustrative of the invention- 

15 

Example 1 : Synthesis of fluorine containing phenolic-formaldehyde novolak resin 
To a 1 00 mL 3-necked round bottom flask equipped with a magnetic stirrer, 
addition fimnel, thermometer and oil bath was added 16.2 g of trifluoro-m-cresol and 33 
g of 80% sulfuric acid The mixture was then heated while stirred. At 50^C, 8.93 g of 

20 37% formalin was slowly added over a 12 minute period During the addition the 

reaction temperature quickly rose to 81*^C. At 93°C the product begun to precipitated 
from solution. The mixture was then heated within the tonperature range of 99 to 1 08^C 
for about three hoxns. Upon cooling the aqueous layer was decanted and the product 
washed with copious amounts of de-minK:ali2ed water. The product was then washed 

25 with 500mL de-mineralized water containmg 2.5g of sodium bicarbonate, collected on a 
filter, riosed with water and air dried. Thesolid was then dissolved m60g of acetone to 
produce a clear solution After the soliition was filtered through a glass wool plug it was 
added drop wise to SOOmL de-mineralized water precipitating the novolak product. The 
aqueous layer was decanted and the tacky precipitate allowed to partially air dry before 



wo 02/21216 



PCT/US01/28D18 



-48- 

fully dried at 40°C under vacuum. About 1 8.4g of product was recovered having a 
weight average molecular weight of 3650 Daltons and a polydispersity of 1 .98. 

Example 2: Use of fluorinated novolak 
5 A 5 wt% solution of the fluorinated novolak of Example 1 was prepared and 

filtered. The polymer solution was spin coated on CaF2 disks and After 
such coatmg, Ihe coating layer was baked at 90 seconds at llO^'C. The absorbance of the 
dried polymer layer was obtained by measuring samples of several thicknesses with a 
vacuum or spectrometer. The normalized absoibance at 157 nm was 4.0 per micron of 
10 thickness. 

A reference novolak polymer used in the production of I-Une photoresists had. an 
absorbance at 1 57nm of 7.8 p&r micron thickness. 

15 Example 3: Photoresist preparation and lithographic processing 

A photoresist of the invention is prepared by mixing the following components 
wifli amounts expressed as weight percent based on total weight of the resist 
compositions: 

Resist components Amount (wt%) 

20 Resin binder 15 
Photoacid gen^tor 3 - 

Ethyllactate 81 

The resin binder is the fluorinated novolak of Example 4 below. The photoacid 
25 generator is p-toluenesulfonyl-trifluoromethanesulfonyl-diazomethane. Those resin and 
PAG components are admixed in the ethyl lactate solvent 

The formulated resist composition is spin coated onto HMDS vapor primed 4 inch 
silicon wafers and softbaked via a vacuum hotplate at 90°C for 60 seconds. The resist 
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coating layer is exposed tiirough a photomask at 248 nm, and then the exposed coating 
layers are post-exposure baked at 11 0°C. Thecoated wafers are then treated with 0:26N 
aqueous tetramettylammonium hydroxide solution to develop the imaged resist layer and 
provide a relief image. 

5 

Example 4: Synthesisof 30 % blocked EVE-novolak(tiifluoromethyl-substitat^ 
In a 100 mL three-neck round bottom flask fitted with vacuum distillation 
apparatus were added 10.00 g (57,47 mmol-eq.) of (trifluoromethyl>substituted novolak 
and 30 g of propylene glycol methyl ether acetate (PGMEA). The residual watCT was 

1 0 removed by azeotropic vacuum distillation with PGMEA at 45 (bath temperature). 
Total 20.97 g of PGMEA was collected in a receive: and a dry ice-vacuum trap. The 
concentration of the polymer solution was maintained as 25 % (w/w). To the reaction 
solution was added 0.015 g (0.15 % w/w of polymer) of trifluoroacetic acid (TFA), and 
the reaction mixture was stirred for an hour at 20^C. To the reaction mixture was slowly 

15 added 1 .33 g (1 8.39 mmol) of ethyl vinyl ether (EVE), and the polymer solution was 

stirred for 17 h at 20**C. A small quantity (ca. 6 mL) of tibte reaction solution was sampled 
and treated with 0.7 g of conditioned IRA-67 ion exchange resin for 2h. 

The solution was jSltered and spun onto a silicon wafer to produce a 1 455 A thick 
20 film. The fihn dissolved at a rate of about 22 A/sec. when immersed into a 0.26N 
tetramethylammonium hydroxide solution. 

Example 5: Radical terpolymeri2ation of 4-acetoxystyrene, (trifluoromethyl)-substituted 
styrene and r-butyl acrylate 
25 In a 1 00 mL three-neck round bottom flask were added 2.83 g (1 7.43 mmol) of 4- 

acetoxystyrene, 1.00 g (5.81 mmol) of (trifluoromethyl)-substituted styrene, 0.74 g (5.81 
mmol) of /-butyl acrylate .and 12 mL of dry isopropyl alcohol (IPA). The reaction vessel 
was then purged with nitrogen and the reaction mixture was kept under inert atmosphere. 
The reaction solution was then brought to a gentle reflux at 95 ^'C (bath temperature). To 
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the reaction mixture was added 0.19 g (1.16 mmol 4 mol % of monomer) of azo-bis- 
2,2'-isobutyromtrile (AIBN) dissolved in L5 mL of anhydrous acetonitrile. Tlie reaction 
mixture was then refluxed with stiiring for 1 8 L To the refluxing polymer solution was 
slowly added 3.13 g (40.67 mmol) of ammonium acetate dissolved in 3 mL of deionized 

5 water. The polymer solution becomes slightly hazy but the hazmess disappears m an 
hour- The refluxing was contmued for 15 h and the solution was cooled to room 
temperature. To the polymer solution was added 6.1 0 g of conditioned IRN-77 acidic ion 
exchai^e resin, and the mixture was stirred for 2 h. The polymer solution was then 
fQtered, precipitated in 250 mL of deionized water, and stirred for 2 h. The polymer was 

10 filtered, washed with 250 mL of deionized water with stkring for an hour, and filtered 
and air-dried. Vacuum drying for 24 h at 70 °C gave 3.40 g of ^;^diite powder. Yield : 74 
%. Molecular weight : Mw 9900 Mn 5600 PD L75. Tgi 139 ^C. Td : 183 . Initial 
polymerization feed ratio was 60/20/20 (4-acetoxystyrene/(trifluorometiiyl)-substituted 
styrene/r-butyl acrylate) and the determined actual composition was 63/19/18. The 

15 terpolymer composition was calculated by quantitative ^^C NMR experiments. 

Example 6: Synthesis if tetrahydropyronyl (THP) protected fluorine contaming novolak 

In a 1 00 mL three-neck round bottom flask equipped with a dropping funnel are 
added 5.00 g (28.74 nunol) of F-Novolak prepared according to the procedure described 

20 in Examplel above (Mw = 1400) and 20 mL of ethyl acetate. The mixture is stirred untU 
homogeneous solution is obtained. To the solution are added 2.42 g (28.74 mmol) of 
dihydropyran and 2 drops of HGl. The reaction mixture is stirred for 24 h at 25 ""C. The 
reaction mixture is then diluted with 100 mL of dichioromethane and washed with 
aqueous NaCl solution and water. The organic phase is then dried over MgS04 and the 

25 solvent evaporated. Vacuum drymg for 48 hours at room temperature gives about 5.20 g 
(70.2 % yield ) of a viscous product 
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Example 7: Synthesis of ethoxymettiyl efher protected F-novolak 

In a 250 mL three-neck round bottom flask equipped with a dropping funnel are 
added 10.00 g (57.47 mmol) of F-Noyolak prepared according to the procedure described 
in Example 1 and 20 mL of dry THF. The mixture is sti^ . 
5 obtained. To the solution is added 0.41 g (17J24 mmol) of sodtlum hydride powder. The 
mixture is stirred for 3 h at room tempCTature, followed by slow addition of 1 .63 g of 
chloromethyl ethyl elher in 5 mL of dry THF over a 30 mia period. The reaction mixture 
is then stirred for 3 hat room temperature before heating up to 70 °C. After 24 h, the 
white salt is removed by filtration and the filtrate is precipitated in 800 mL of deionized 
10 water. The collected precipitate is re-dissolved in 200 mL of dichloromethane. The 
organic phase is washed with two portions of 100 mL of water and dried over sodium 
sulfate. The solvent is removed by a rotary evaporator and the product further dried for 
48 h under vacuum at 40 **C to give 10.9 g of blocked polymer. 

15 Example 8: Synthesis of 30 % ethyl vinyl ether blocked F-novolak 

In a 1 00 mL three-neck round bottom flask fitted with a vacuum distillation 
apparatus are added 10.00 g of F-novolak prepared according to the procedure described 
in Example 1 and 30 g of propylene glycol methyl ether acetate (PGMEA).The residual 
water is removed by an azeotropic vacuum distillation with PGMEA at 45 °C (bath 

20 temperature). Total 20.97 g of PGMEA is collected in a receiver and a dry ice-vacuum 
trap. The concentration of the polymer solution is maintained at about 25 % (w/w). To 
the reaction solution is added 0.015 g of trifluoroaoetic acid (TFA), and the reaction 
mixture stirred for about an hour at 20 ^C. To the reaction mixture is slowly added 1.33 g 
of ethyl vinyl ether (EVE), and the polym^ solution stirred for about 17 h at 20 **C. The 

25 solution is treated with a conditioned IRA-67 ion exchange resin for 2h. The solution is 
then filtered and the filtrate concentrated under reduced pressure. Overnight vacumn 
drying at 40°C gives about 7.83 g of a brown viscous product m about 69.6 % yield. Gel 
permeation chromatography shows the product to have a weight average molecular 
weight of 1760 and a number average molecular weight of 1220 Daltons. Vacuum 
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ultraviolet spectroscopic measurements shows the product to have an absorption of about 
A157: 4.55/|jm. 

Example 9: Synthesis of fluorine containing novolak resin using methane sulfonic acid 
5 as catalyst 

To 500 mL resm kettle equipped with an oil bath, paddle stirrer, thermometer and 
reflux condenser are added 97.2 g (0,6 mole) of trifhiorometiiyl-m-cresol and 36*7 g of 
37% formaldehyde. The mixture is then heated At about 65**C about 52.7 g of 
methanesulf onic acid is gradually added and the addition continued untfl a reaction 

10 exotherm is observed at about 92*^0. The batch tamperature rises to about 1 H^'C before it 
begins to decline. The acid addition is then resumed and contmued to completion. The 
reaction mixture is then allowed to reflux for about 4 hours. While the reaction mixture is 
still hot about 77 g of trifluoromethylbenzene and 200 mL of water containing 3 g of 
sodium bicarbonate are added and the mixture vigorously agitated. After the aqueous 

15 layer is removed the organic solution is washed twice with 200 mL portions of fresh de- 
mineralized water. The organic solution is fhm concentrated by distilling away the 
solvent under atmospheric pressure. The product is further heated to about ISO^C before 
partial vacuum is applied At about HO^'C 3 mmHg vacuum is applied until the batch 
temperature rises to about 200''C. At tiiis point flie vacuum is broken with nitrogen and 

20 the product poured mto an aluminum pan and allowed to cool. About 8 1 .3 g of product is ' 
obtained having a weight average molecular weight of about 2460 Dalton and a 
molecular weight dispersity of about 1,84. The dissolution rate of the resin m 0.26 N 
tetramethyl ammonium hydroxide is about 15800 A/sec. 

25 Example 10: Synthesis of t-BOC protected F-novolak 

To a 250 mL three-neck round bottom flask equipped with a dropping fiannel are 
added 30.00 g of (trifluoromethyl)-substituted novolak of Example 8 and 80 mL of dry 
THF. The mixture is stirred until a clear solution is obtained. To the solution is added 
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8.58 g (62.07 mmol) of anhydrous potassitrm carbonate, followed by the slow addition of 
1 129 g (51 J2 mmol) of di-^butyl diqarbonate in 20 niL of 

mixture is stirred for 48 h at room temperature. The solution is filtered and precipitated in 
1500 mL of de-ionized water, the filtered precipitate is dissolved in 300 mL of 
5 dichloromefhane and washed twice with 200 mL of de-ionized water. The organic phase 
is dried over anhydrous sodium sulfate and the solvent removed by use of a rotary 
evapomtor. Vacuum drying for 24 h at 45*^C gives 3 L5 g of a white solid (90 % yield). 
The dissolution rate of the t-BOC blocked novolak in 0.26N tetramefhyl ammonium 
hydroxide is 1.5 A/sec. 

10 

Example 1 1 : Photoresist composition comprising of t-BOC protected F-novolak. 

An etiiyl lactate solution comprising of 7.3 12 weight % of a 30% t-BOC 
protected F-novolak prepared according to the procedure of Example 10, 0.64 weight % 
di(t-butyl)phenyl iodonium triflate, 0.032 weight % tetrabutylammonium hydroxide, 
15 0.016 weight % of R08 surfactant and 92 weight % ethyl lactate is filtered through a 
0.2mfi filter and spin coated unto an 8 inch silicon wafer to produce a 680A film. The 
film is soft baked at 80°C for 60 seconds and exposed to 157nm radiation usmg an 
Exitech 0.60 NA^ 0.70s. The ejcposed film is fhrni post-ejjposed baked at 80**C for 60 
seconds and then spray developed with LDD-26W tetramethylammonium hydroxide 
20 developer, rinsed and dried. The resulting images were then analyzed using scanning 
electron microscopy. The developed resist images are shown m FIG. 1 of tiie drawings 
(semidense lines 1:1.5 pitch). 

Examples 12-17: The following synthesis Examples 12 to 17 demonstrate an 
25 alternative ^nthesis approach to a fluoriiiated novolak. This approach employs a two 
step process: (a) formation of a fluormated resol intermediate and (b) the acid catalyzed 
conversion of the resol to the fiuorinated novolak of the invention. This approach 
facilitates the syntheses of a wide range of resm structures and branching densities, resins 
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with higher glass transition temperature, better control of resin molecular weight with 
rninimal trifluoromethyl group hydrolysis. 

Example 12: Synthesis of a fluorinatedresol 

5 To a 500 mL Erlenmeyer flask is added a solution comprised of 26.0 g of sodiimi 

hydroxide and 120 mL of water. To this solution is added, in small portions, 97.2 g (0,6 
mole) of 3-(trifluoromethyl)phen9l followed with the addition of 146 g of 37% 
formaldehyde solution. The reaction mixture is heated to 80**C and kept at this 
temperature for about 40 hours. While still warm the product solution is filtered and 

10 added drop wise into a stirred solution consisting of about 3 L de-ionized water, about 
53.4 g of glacial acidic add and about 10 mL of concentrated hydrochloric acid. The 
precipitate is collected on a filter, rinsed with watra: and then soaked for 3 hours in 3 L 
de-ionized water containing about 5 mL of concentrated hydrochloric acid. The product 
is collected on a filter, rinsed with water and dried first in air then at 50°C under vacuum. 

15 About 101 .7 g of a light beige solid is obtamed with a weight avemge molecular weight 
of about 1850 Daltons andpolydispersity of about 1.84. 

. . The structure and composition of the fluorinated resol can be varied by the 
formaldehyde feed, reaction temperature and reaction time. Example 13 below is a 
20 demonstmlion of this process v^satility. 

Example 13: Synthesis of a fluorinated resol 

The same reactant ratio and basic procedure of Example 12 are used exceptthat 
the maximum reaction temperature does not exceed 77**C and the reaction time is 24 
25 hours. Under these reaction conditions the resulting resin has a weight average molecular 
weight of 946 Daltons and a polydispersity of 1 .43 . 
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Example 14: Synthesis of a fluorinated novolak 

Tie fluorinated resol of Example 12 above was reacted with 3- 
(trifluoromethyI)phenoL To a 250 mL round bottom flask equipped with a thermometer 
and an oil bath is added 20 g of resin of Example 12 and 20 g of 3- 
(trifluoromethyI)phenoL The mixture is heated to Sl^'C with mixmg until a solution is 
obtained. To lius solution 0.6 g of methanesulfonic acid is added and the mixture kept at 
about 84^*0 for 4 hours. The product mixture is then diluted with about 40 mL of 
methanol and added drop wise to about 500 mL of de-ionized water containing about 2 g 
of sodium bicarbonate. The precipitate is collected, rinsed and soaked in 500 mL of de- 
mineralized water. Again the precipitate is collected, rinsed and partially air dried on the 
filter before it is placed in a SO^C vacuum oven to complete the drying process. About 
32.5 g of product is recovered having a weight average molecular weight of about 4090 
Daltons andapolydispersity of about 3.66. 

Example 15: Synthesis of a fluorinated novolak 

' The resol of Example 13 was self-condensed in the presence of acid. To a 
solution comprismg of 2 g of resol of Example 13 and 4g of acetic acid is added 0.2 g 
methanesulfonic acid. Hie mixture is heated in an oil bath for about 5 hours at a 
temperature range of 85 to 89^C. The light amber solution is' added dropwise, with 
stirring, to about 50 mL of de-mineralized water. The precipitate is washed and soaked in 
several 50 mL portions of fresh water. It is then re-dissolved in 1 0 mL methanol and re- 
precipitated into 40mL water. A small amount of sodium chloride is added to disrupt the 
emulsion. The precipitate is collected on a filter, washed several times with water and air 
dried in an evaporation dish. About 2 g of product is recovered having a weight average 
molecular weight of about 1 420 Daltons wi& a polydispersity of 1 .72. 
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Example 16: Resol oligomer of 3,5-bis(trifluoromethyl)phenol 

To a 125 mL Erloimeyer flask is added 4.36 g of sodium hydroxide and 30 mL of 
de-mineralized water. To the solution is ften added 25 g of 3,5- 
bis(trifluoromethyl)plienol followed by 35.3 g of 37% foimaldebyde. The reaction 

5 . mixture is then heated with agitation to about 85 to 90°C for about 60 hours. Product 
separation is carried out by adding the reaction nuxtiire to about 800 mL de-mineralized 
water acidified with about 1 Ig of concentrated hydrochloric acid Tlie resulting oil 
precipitate is separated using a separatory funnel, washed with several portions on de- 
roineralized water and dried using a freeze drier. About 21 g of a very viscous amber oil 

10 is recovered having a weight average molecular weight of 645 Daltons and polydispersity 
of L2L HPLC analysis shows the presence of at least eight major components one of 
which comprised about 32% of the product mixture. 

Example 17: Conversion of resol oligomer to novolak resin 

15 The resol oligomer of Example 16 was converted to a novolak resin. A mixture 

of 5.0g of oligomOT from Example 16 and 0.07 g of methanesulfonic acid is heated at 
about 93 to 95°C for about 17 hours. Upon cooling the product mixture is dissolved in 25 
mL of dichloromethane and washed with de-miaeralized water. The dichloromethane 
solution is concentrated on tiie rotary evaporator to dryness. About 4g of a li^ brown 

20 solid is obtained havmg a weight average molecular weight of about 1 170 Daltons and a 
polydispersity of 1.22. . 

The above Examples 15, 16 and 17 demonstrate that the methylol groups of 
highly fluorinated phenols and resols are reactive and affective as intermediates to higher 
25 molecular weight fluorinated novolaks. The fliioiinated resol intermediates can be 
reacted with a large number of un-substituted and fluorine substituted phenols to form 
new resin structures suitable for lithographic applications. Furthermore the resol 
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oligomer of Example 1 6 can be iised to raise the fluorine contemt of novolak resins and 
render them more transparent to 1 57 imi radiation* 

Example 18: Synthesis of 4-hydroxy-2,3,5,6-tetrafluorostyrene (KITS) 
5 In a 500 mL round bottom flask are chai^ged 75.00 g (386.38 mmol) of . 

pentafluorostyrene, 75,88 g (1.35 mol) of potassium hydroxide, 200 mL of f-butanol and 
25 mL of water. The reaction mixture is stirred at 50° C for 66 h under a nitrogen 
atmosphere. After cooling to room tempa:ature, 100 mL of dichlorometbane is added and 
stirred for 30 min. The reaction mixture is then transferred slowly into a plastic beaker 

10 containing 300 mL of dilute HCl solution (2:lmixture of concentrated HCl and water) 
with stirring at 0° C. About 20 g of calcixmi chloride is also added to convert hydrogen 
fluoride bi-product mto CaFa salt About 500 mL of dichlorometbane is then added to the 
aqueous solution and the mixture stirred for 2 h at 0*^ C. The organic layer is separated 
and the top aqueous layer is then washed twice with 200 mL of dichlorometbane. The 

15 combined organic solution is washed with 200 mL of aqueous NaCl solution, rinsed with 
water and dried over MgS04. High pressure liquid chromatography shows the product is 
a mixture of three major components. These components are identified by subsequent 
analyses to consist of 4-hydroxy-2,3,5,6-tetrafuoroslyrene, 4-/-butoxy-2,3,5,6- 
tetrafluorostyrene and pentafluorostyrene. The isolation of 4-hydroxy-2;3,5j6- 

20 tetrafuorostyrene is carried out as follows:. * 

To the crude product mixture in dichloromefliane is added 500 mL of aqueous 
tetramethylaimhonium hydroxide (a 2:1 mixture of 0.26 N tetramethylammonium 
hydroxide developer and water). The mixture is vigorously mixed and the bottom organic 
25 layer J A, is removed and saved for fijrther processing. The top aqueous layer, is 

washed with two 150 mL portions of dichlorometbane and then acidified with HCl until 
the pH reached about 2-3. To this acidified mixture is added 500 mL of dichlorometbane 
to extract the product. The dichloromethylene solution is then washed with 100 mL of 
NaCl solution, rinsed with water and dried over MgS04. To the filtered solution about 15 
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ppm of f-butylcatechol is added and ttie solvent removed under reduced pressure at IS^C. 
Abput,48.2 g (64.9% yield) of a ligbt yellow liquid is obtained with a >99 % purity as 
determined by HPLC analysis. 

5 Example 19: 4-f-Butoxy-2,3,5,6-te1iafluoroslyrene 

4-/'-Butoxy-2,3,5,6-tetcafluorosQrrene, present in the organic layer A of Example 
18, is isolated and purified by distillation. 

Exanq)le 20: Synthesas of poly(pentafluoroslyrene) 

10 To a 50 mL round bottom JQask are diaiged 5.00 g (25.76 mmol) of 

pentafluoTOstyrene, 0.170 g (1 .03 mmol) of AIBN radical initiator and 8.00 g of 
anhydrous TBDF. The reaction vessel is thai degassed by two fieez» and thaw (q'cles, and 
kept under nitrogen atmosphere. The reaction mixture is then heated with stining at 70' C 
for 1 8 h. To the viscous reaction rnixture is added 4 mL of THF, and the solution 

15 precipitated into 600 mL of metiianol. The polymer is air-dried, redissolved into 5 mL of 
acetone and re-precipitated into 600 mL of metiianol. Upon vacuum drying for 24 h at 40 
°C about 4.89 g of white powder is obtained (97.8 % yield) witii a weight average 
molecular weight (Mw)of about 14700, and a number average molecular weight of about 
Odn) 6900 Daltons. The absorbance at 157 nm is about 3.76/fjm 

20 

Example 21: Syntiiesis of poly(4-hydroxy-2,3,5,6-tetrafluoroslyrene) 

. To a 50 mL round bottoin flask are charged 10.00 g (52.08 mmol) of 4-hydroxy- 
2,3,5,6-tetrafluoroslyTene of Exanq)le 18, 0.257 g (1.56 mmol) of ABN radical initiator 
and 15.00 g of anhydrous THF. The reaction vessel is then degassed by two fieeze and 
25 thaw cycles, and kept under nitrogen atmosphere. Tl» reaction mixture is thai heated 

witii stirring at 70" C for 18 h. To tiie viscous reaction mixture is added 5 mL of THF, and 
the solution precipitated into 800 mL of hexane. The polymer is collected and air-dried, 

re-dissolved m 15 mL of THF and re-precipitated into 800 mL of hexane. Vacuum drying 
at 40"* C for 24 h ^ves about 8.79 g of a white powder (88.0 % yield) having a Mw of 
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about 63300 Daltoiis and a polydispersity of 2.36. The polymisr glass transition is about 
16^ C with an absorbance at 157 nm of about 4.71/iLim. 

Example 22: Synthesis of poly(4-t-bTrtoxy-2,3,5,6-tetrafluorostyrene) 
5 To a 5.0 mL round bottom flask are charged 5.00 g (20. 14 mmol) of 4-r-butoxy- 

2,3,5,6-tetrafluorDSlyrene of Example 19, 0.099 g (0.604 mmol) of AIBN radical initiator 
and 10.00 g of anhydrous THF. The reaction vessel is degassed by two freeze and thaw 
cycles, and kept under a nitrogen atmosphere. The reaction mixture is then heat with 
stirring at 70° C for 1 6 h. To the viscous reaction mixture is added 5 mL of THF, and the 

10 solution precipitated into 800 mL of methanol. The resulting polymer is collected on a 
filter, air-dried, re-dissolved in 10 mL of THF and re-precipitated m 800 mL of methanol. 
After vacuum drying at 40° C for 24 h about 4.12 g of white powder (82.4 % yield) is 
obtained. Gel permeation chromatography analysis shows fee product to have a Mw of 
about 71390, a Mn of about 28650 Daltons. Differential scanning calorimetry shows a 

15 glass transition temperature for the polymer of about 106° C. The vacuum UV absorbance 
of the polymer at 157 nm is about 4.24/pm. 

Example 23: Synthesis of poly(4-hydroxy-2,3,5,6-tetrafluorostyrene-co-4-t-butoxy- 
2,3,5,6-tetrafluorost5rrBne) 

20 To a 50 mL round bottom flask are charged 2.00 g (10.41 mmol) of 4-hydroxy- 

2,3,5,6-tetrafluorostyrene, 3.88 g (15.62 mmol) of 4-r-butoxy-2,3,5,6-tetrafluorostyrene, 
0.256 g (1.56 mmol) of AEBN and 12 g of anhydrous THF. The reaction vessel is 
degassed by two freeze and thaw cycles, and kept under nitrogen atmosphere. The 
reaction mfarture is then heated with stirring at about 70** C for about 1 6 h. To the viscous 

25 reaction mixture is added 5 mL of THF and the solution precipitated into about 800 mL 
of hexane. The polymer is collected and air-dried on the filter, re-dissolved in 10 mL of 
THF and re-precipitated in 800 mL of hexane. After vacuum drying at 40® C for 24 h 
about 4.32 g of a white powder (73 .5 % yield) is obtained having a Mw of 62770 and a 
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Mn of 28860 Daltons. The polymer composition was detennined by quantitative NMR 
techniques to comprise of 33 mole percent of 4-hydroxy-2,3,5,6-tetrafluorostyrene and 67 
mole percMit of 4-t-bTitoxy-2,3,5,6-tetrafluorostyrene. Differential scanning calorimetry 
of the polymer gave a glass transition of 1 05° C while the dissolution rate in a 0.26 N 
5 tetramethyiammonium hydroxide developer was detennined to be about l.OA/s. 

•Example 24: Synthesis of poly(4-hydroxy-2^^,6-tetrafluorostyrene-co-t-butyhneiiiacry- 
late) 

To a. 50 mL round bottom flask are charged 6.00 g (31.23 mmol) of 4-hydroxy- 
10 2,3,5,6-teti-afiuorostyrene, 2.96 g (20.82 nmiol) of f-butyhnethacaylate, 0.256 g (1.56 
mmol) of AIBN and 15 g of anhydrous TUF. The reaction mixture is degassed by two 
freeze and thaw cycles, and while under an nitrogen atmosphere is heated with stirring at 
about 70° C for 16 L To tiie viscous reaction mixture is added 5 mL of THF and the 
solution precipitated into about 1600 mL of de-mineralized water. The polymer is 
15 collected and air-dried on tiie filter, re-dissolved in 15 mL of THF and re-precipitated 
into about 1600 mL de-mineralized water. The product is vacuum dries at 50° C for 48 h 
to give about 7.92 g of white powder (88.4 % yield) having a Mw of about 3 1 1 00 and a 
Mn of about 13 1 00 Daltons. The Tg is 99" C as determined by DSC and tiie absorbance at 
157nmk4.95/jmi. 

20 

Example 25: Syntiiesis of poly(a-(trifluorometiiyl)acrylic acid-co-2,3,4,5,6-pentafluoro 
styrene) 

To a 50 mL round bottom flask are charged 2.50 g (17.85 mmol) of a- 
(trifiuoromethyl)acrylic acid, 3.46 g of 2,3,4,5,6-pentafluorostyrene and 0.117 g of AIBN 
25 radical initiator. The reaction vessel is degassed using the fieeze and thaw method, and 
kept under nitrogen atmosphere. The reaction mixture is then heated with stirring at 70" C 
for 1 8 h. To tiie solidified reaction mixture is added 1 0 mL of THF and tiie mixture 
stirred until it completely dissolves. The product is precipitated into 800 mL of hexane. 
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is collected on a jBlter and air-dried. It is then re-dissolved in 10 mL of THF and again 
precipitated into 800 mL of hexane . The product is collectsed on a filter, it is air dried 
followed by a final vacuum diying at 40*" C for 24 L About 438 g (74 % yield) of a white 
polym^ powder is obtained having a wei^t av^age molecular weight of about 46,500 
5 and a number average molecular weight of about 19,500 Daltons as detranined by gel 
permeation chromatography. At 157 nm the polymer has an absorbance of 539/}im as 
determined using the Acton vacuum deep UV instrument 

Example 26: Synthesis of poly(4-hydroxy-2,3,5,6-tetrafluoros1yrene-co-2-methyladama- 

0 ntylmefhacrylate) 

To a 50 roL round bottom flask are charged 2.00 g (10.41 mmol) of 4-hydroxy- 
2,3,5,6-tetrafluorostyrene, L63 g (6.94 trmiol) of 2-methyladamantyl methacrylate, 0.085 
g (0.521 mmol) of AIBN and 8 g of anhydrous THF. The reaction mixture is first 
degassed and then while under a nitrogen atmosphere is heated with stirring at about 70** 

5 C for about 1 6 h. To the reaction mixture is then added 3 mL of THF and the solution 
precipitated into 800 mL of hexane. The polymer is vacuum dried for 24 h at 40° C to 
give about 2.12 g of a white powder (58.4 % yield) having a Mw of about 36890 and a 
Mn of about 18660 Daltons. 

D Example 27: Synthesis of poly(4-hydroxy-2,3,5,6-tetrafluorostyrene-co-isobomyhnetha- 
crylate) 

To a 50 mL round bottom flask are charged 2.00 g (10.41 mmol) of 4-hydroxy- 
2,3,5,6-tetrafluorostyrene, 1.54 g (6.94 mmol) of isobomyl methacrylate, 0.085 g (0.52 
mmol) of AIBN and 8 g of anhydrous THF. The mixture is degassed and while under a 
> nitrogen atmosphere is heated with sthxing at about 70^ C for 16 h. The reaction mixture 
. is diluted with about 3 mL of THF and the solution precipitated into 800 mL of hexane. 
The product was collected and air dried on the filter, re-dissolved in 7 mL of THF and re- 
precipitated into 800 mL of hexane. The polymer was vacuum dried at 40*^ C for 24 h to 
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give about 1.82 g of a white powder (51.4 % yield)'having a Mw of about 31090 and Mn 
of about 14750 Daltons. 

Example 28: Synlliesis ofpoly(4-hydroxy-2^,5,6-tetrafluoroslyrene-co-peiitafiuoro- 

5 styraie-co-t-butylmethacrylate) 

To a 250 mL round bottom flask are charged 3 .23 g (16.8 1 imnol, 60 mole %) of 
4-hydroxy-2,3,5,6-tetrafluOTOslyrene, 9.544 g (2.80 mmol, 10 mole %) of 
peatafhiorostyiene, 1 .20 g (8.41 mmol, 30 mole %) of /-butyhnethacryiate, 0.276 g 
(1.681 mmol) of AlBN and 50 g of anhydrous THF. The reaotants mixture is degassed 

10 and while under a nitrogen atmosphere is heated witii stirring at yO** C for 16 h. The 
reaction mixture is then concentrated and slowly added mto 800 mL of hesicane to 
precipitate the polymer. After it is air dried on the filter flie product is re-dissolved in 7 
mL of THF and re-predpitated firom 800 mL of hexane. The product was vacuum dried at 
40^ C for 24 H to provide about 2.39 g of a white powder (58.0 % yield) with a Mw of 

15 about 8910 and an Mn of about 5420 Daltons. Spectroscopic analysis, using both and 
'^F NMR techiiiques, is used to detranine the mole p»cent of monomer incorporation 
into the polymer. The polymerization reaction produced a teipolymer contauaing about 
59.34 mole % 4-hydro:Q'-2,3,5,6-tetrafluorostyrene, about 9.91 mole % 
pentafluorostyrene and about 30.75 mole % of t-butyhnethacrylate. Additional 

20 characterization indicated the polymer to have a glass transition temperature of about 
1 30" C and a dissolution rate(in Shipley LDD-26 W developer) of about 8200 A/s. 

Examples 29 through 36. Following the procedure according to Example 28, a 
series of terpolymers were prepared having different monomer incorporation and 
25 characteristics. The polymer compositions and tiieir characteristics are summarized in 
Table 1. 
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Table 1 



Example 


Polymer composition(mole %)* 


Molecular weight 


( Q 


DR 
(A/s) 


X** 


y** 


Z** 


Mw 


M„ 


29 


10.92 


59.64 


29.44. 


7810 


5720 


113 


1.50 


30 


16.30 


53.99 


29.71 


7720 


5260 


123 


0.83 


31 


18.49 


54.50 


27.01 


11900 


8230 


121 




32 


21.10 


49.33 


29.57 


13160 


8770 


127 




33 


27.19 


43.04 


29.77 


13570 


8720 


125 




34 


29.67 


37.07 


33.26 


13480 


8450 


125 




35 


29.94 


41.32 


28.74 


9330 


6050 


125 


1.5 


36 

*The poly: 


35.24 

mer compos 


37.53 

sitions deter 


27.23 

mined usin] 


12360 
I quaatitatii 


7470 

re and ! 


124 

9FNMRte 


chiiiques. 



**X: 4-Hydroxy-2,3,5,6-tetrafluorostyrene, Y: pentafluorostyrene, Z: /- 
5 butylmethaciylate. 



Example 37: Copolymer of 4-hydroxy-2,3,5,6-tetrafluorostyrme and methyl 2- 
(trifluoromethyl) acrylate 

One part of 4-liydToxy-2,3,5,6-tetrafluorostyrene and one part of methyl 2- 
10 (trifluoromethyl) acrylate are co-polymerized according to the procedure of Example 28 
to produce a co-polymer in 57 percent yield witt a compositioh consisting of 45 mole 
percent 4-hydroxy-2,3,5,6-tetrafluorostyrene and 55 mole percent methyl 2- 
(trifluoromethyl) acrylate as determined by quantitative NMR. GPC shows the polymer 
to have a Mw of about 3118 and a Mn of about 2099 Daltons. 



Example 38: Copolymer of 4-hydroxy-2,3,5,6-tetrafluorostyrene, and /-butyl 2- 
(trifluoromethyl)aciylate 
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Following the procedure according to Example 28 a copolymer of 4-hydroxgr. 
2,3,5,6-tetrafiuorostyrene and r-bulyl 2-(trifluoromethyl) acrylate is prepared using equal 
monomer feed. The resulting copolymer was obtained in 31 p^cent yield has a 
composition, as determined by quantitative NMR, consists of 53 percent of 4-hydroxy- 
5 2,3,5,6-tetrafiuorostyrene and 47 percCT.t of /-butyl 2-(trifluoromethyl) acrylate. GPC 
analysis indicated the polymer to have a Mw of about 3294 and a Mn of about 240O 
Daltons. 

Example 39: Terpolymer of 4-hydroxy-2,3,5,6-tetrafluorostyrene, pentafluorostyrene and 
10 t-butyl 2-(trifluoromethyl)acrylate 

A monomer mixture comprising of 3G mole percent of 4-hydroxy-2,3,5,6- 

tetrafluorostyrene, 40 mole percent of pentafluorostyrene and 30 mole percent of t-butyl 

2-(trifluorometiiyI)acrylate is reacted according to liie procedure of Example 26 to 

produce a terpolymer in 58 percent yield. The polymer composition as determined by 
1 5 quantitative NMR consists of 29 mole percent 4-hy droxy-2,3 ,5,6-tetrafluorosty rene, 43 

mole percent pentafluorostyrene and 28 mole percent t-butyl 2-(trifluoromethyl)acrylate. 

GPC analysis indicated the polymer to have a Mw of about 5838 and a Mn of about 3976 

Daltons. 

20 Example 40: Copolymer of 4-tert-butoxy-2,3,5,6-tetrafluoros1yrene and hqptafluorpbulyl 
acrylate 

4-tert-butoxy-2,3,5,6-tetrafluorostyrene (5.5 g, 20.14 mmol), heptafluorobutyl 
acrylate (1.28 g, 5.04 mmol) and 0.17 g, 1.04 mmol of AIBN in 9.2 mL of isopropanol 
are reacted at reflux for 1 6 L Upon cooling, 3 mL of acetone is added and the solution 
25 slowly added to excess water to precipitate the polymer. The polymer was dried for 12 h 
at 75° C under vacuum. The polymer had a Mw of about 32221 andaMn of about 9664 
Daltons as determined by GPC. The 157 nm absorbance of the polymer is 4.51/iim. 
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Example 41 : Copolymer of 4-tert-butoxy-2,3,5,6-tetrafluorostyrene and heptafluorobutyl 
methacrylate 

4-tert-butoxy-2,3^,6-tetrafluorostyrene (5.5 g, 20-14 mmol), heptafluorobutyl 
mefliaaylate (1.35 g, 5.04 mmol) and 0.17 g, 1.04 mmol of AIBN in 9.2 mL of 
5 isopropanol are reacted at reflux for 16 h. Upon cooling, 3 mL of acetone is added and 
the solution slowly added to excess water to precipitate the polymer. The polymer was 
dried for 12 h at TS^C under vacuum. The polymer had a Mw of about 26087 and a Mh 
of about 8489 Daltons as determined by GPC. The 157 nm absoibance of the polymer is 
4.31/)mi. 

0 

The foregoing description of the invention is merely illustrative thereof and it is 
understood that variations and modifications can be effected without departing from the 
spirit or scope of the invention as set forth m the following claims. 



15 
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What is claimed is: 

1 . A method for fonning a photoresist relief image, comprising: 

(a) applying a photoresist composition on a substrate, the photoresist 

5 comprismg a resin and a photoactive component, ithe resin comprising aromatic groups ^ 
ald-^lectronegitive'gnjups; 

(b) esqposing the photoresist to activating radiation and developmg the 
exposed photoresist layen 

10 2. The method of claim 1 wherein the photoresist is e5q)osed with radiation 

having a wavelength of less than about 200 nm. 

3 . The method of claim 1 wherein the photoresist is e:qposed with radiation 
having a wavelength of less than about 170 nm. 

15 

4. The method of claim 1 wherein the photoresist is exposed with radiation 
having a wavelength of less than about 1 60 nm. 

5. The method of claim 1 wherein the photoresist is exposed with radiation 
20 having a wavelength about 157 nm. 

6. The method of claim 1 wherein the photoresist is exposed with radiation 
having a wavelength of less than about 300 nm. 

25 7. The method of any one of claims 1 through 6 wherem the resin comprises 

phenolic units. 

8. The method of any one of claims 1 through ? wherem the resin is a 
novolak polymer. 
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9. The method of any one of claims 1 through 7 wherein the resin comprises 
polymerized vinylphenol units. 

5 10. The method of any one of claims 1 through 9 v^serein the resin comprises 

halogen, halogenated allsyl, nitro, nitrile, cyano, sulfinyl, or sulfonyl groups. 

1 1 . The method of any one of claims 1 throu^ 9 wherein the resin comprises 
fluorine. 

10 

12. The method of any one of claims 1 through 1 1 wherein the polymer 
comprises acrylate units. 

13. The metiiod of any one of claims 1 through 12 wherein the photoresist is a 
15 chemically amplified positive resist 

14. The method of any one of claims 1 through 12 wherein the photoresist is a 
negative resist 

20 15. A method for forming a photoresist relief image, comprising: 

(a) applying a photoresist composition on a substrate, the photoresist 
comprising one or more photoacid generators and a halogenated aro;matic poUym^; 

(b) exposing the photoresist to radiation having a wavelength of about 1 70 mn 
or less and developing the exposed photoresist layer. 

25 

1 6. The method of claim 1 5 wherein the polymer is fluorinated. 

17. The method of claim 15 or 16 wherein the polymer is a novolak. 
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i 8. The method of claim 1 5 or 1 6 wherein the polymer comprises 
polymerized vinylphenol units. * . 

1 9. The method of any one of claims 1 5 through 1 8 wherein the photoresist is 
5 exposed to radiation having a wavelength of about 157 nm* 

20. A photoresist composition comprising a photoactive component and a 
resin component that comprises a polymer comprising: 

1) a polymer backbone comprismg a plurality of carbon-carbon bond units, 
10 2) a fest electronegative group capable of withdrawing electrons from the 

polymer backbone; and optionally 

3) a second electronegative group. 



15 



21. The photoresist of claim 20 wherein the polymer is a terpolymer. 

22. The photoresist of claim 20 or 21 wherein the polymer comprises 
polymerized norbomene or ethylene units. 

23. The photoresist of any one of claims 19 through 22 wherein the polymer 
20 comprises a first polymerized norbornene repeat unit, and ai second polymerized 

norbomene repeat unit, tihe first and second norbomene units being different 

24. The photoresist of claim 23 wherein the first norbomene repeat cortfprises 
the first electronegative group, andtiie second norbomene repeat unit comprises the . 

25 second electronegative group. 

25. The photoresist of any one of claims 19 through 23 wherein the polymer 
comprises a first polymerized ethylene repeat unit, and a second polymerized ethylene 
repeat unit, the first and second ethylene units being different. 
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26. The photoresist of claim 25 wherein the first ethylene repeat unit 
comprises the first electronegative group, and the second ethylene repeat unit comprises 
the second electronegative group* 

27. The photoresist of any one of claims 20 through 26 wherein the polymer 
further comprises an add labile group. . 

28. The photoresist of claim 27 wherein the acid labile group is bound to a 
phenolic unit 

29. The photoresist of claim 27 wherein the acid labile group is bound to the 
polymer backbone.. 

30. The photoresist of claim 29 wherein the acid labile group is bound to a 
carbon atom substituted by the second electronegative group. 

3 1 . The photoresist of any one of claims 27 through 30 wherein the acid labile 
group is an ester, acetal, ketal, formal, or elher. 

32. The photoresist of any one of claims 27 through 3 1 wherein the acid labile 
group comprises t-butyl, 2,2,-dimethyl-3,-methylpropyl, 1,1,2-trimethylpropyl, 1,1,2,2- 
tetramethylpropyl, tetrahydropyranyl, ethoxypropyl, ethyI-2-trimethylsilanyl, 2-oxa- 
bicylco[2.2.I] hept-6-yI (exoisomer), or 7-thia-bicyclo[2.2.1]hept-2-yl (endoisomer) 

33. The photoresist of any one of claims 27 through 32 wherein the first 
electronegative group is one of halogen, nitrile or carboxyl. 

34. The photoresist of claim 27 through 32 wherein the halogen is fluorine. 
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3 5. The photoresist of any one of claims 27 through 32 wherein tide first 
electronegative group comprises fluorinated alkyl, fluorinaied alkyl alcohol, 
perfluoroallsyl, or petfiuoroalkjrlene. 

5 36. Hie photoresist of any one of claims 27 through 32 wherein the first 

electronegative group conq)rises trifluoromethyl, difluoromethyl, monofluoromethyl, . 
pentafluoroethyl, tetrafluoroethyl, trifluoroelhyl, difluoroethyl, monofluoroethyl, 
difluorohydroxymethyl, monofiuorohydroxymethyl, tetrafluorohydroxyethyl, 
trifluorohydroxyethyl, difluorohydroxyethyl, monofluorohydroxyethyl, 

10 hexafluorohydroxyisopropyl, pentafluorohydroxyisopropyl, tetrafluorohydroxyisopropyl, 
trifluorohydroxyisopropyl, difluorohydroxyisopropyl, monofluorohydroxy-tert-butyl, 
difluorohydroxy-tert-butyl, trifluorohydroxy-tert-butyl, tetrafluorohydroxy-tert-butyl, 
pentafIuorohydroxy-text-butyl,hexafluorohydroxy-tert-butyl,septafluorohydroxy-t-butyl, 

octafluorohydroxy-t-butyl, difluorooxymethyl, monofluorooxymethyl, 
15 teteafluorooxyethyl, trifluorooxyethyl, difluorooxyethyl, monofluorooxyethyl, 
bexafiuorooxyisopropyl, pentafluorooxyisopropyl, tetrafluorooxyisopropyl, 
trifluorooxyisopropyl, difiuorooxyisopropyl, or monofluorooxyisopropyl gcoxtp. 

36. The photoresist of claim 35 wherem the acid labile group is bound to the 
20 carbon atom attached to the aaylonitrile group. 

37. The photoresist of any one of claims 20 through 36 whM^ the polymer 
comprises units of Ihe following formula: 
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eacii and R^ may be the same or different and may be hydrogen or a non- 
hydrogen substituent provided at least one of R^ R^ and R^ is a halogenated substituent; 

each R^R^ and R^' may be the same or different and may be hydrogen or a non- 
hydrogen-substituent; 

5 X is hydrogen or non-hydrogen substituent particularly to form an acid labile 

group wifli the depicted oxygen, such as to form an estor, ether, aoetal or the like; 
n is greater than zero and is the mole percent of the depicted polymer unit 

38. A positive chemically-amplified photoresist composition comprising one 
10 or more photoacid generator compounds and a fluorinated novolak resin or a fluorinated 

resin comprising polymerized vinyl phenol units. 

39. Thephotoresistof claim 38 wherein the polymer is a novolak. 

15 40. The photoresist of claim 38 wherein the polymo: comprises polymerized 

vinylphenol units. 

41 . A photoresist composition comprising a photoactive component and a 
resin binder comprising a polymer that comprises repeat units of: 
20 1) a groiip comprising a polymer backbone comprising a first phenolic ring 

substituted with hydrogen or at least one first electronegative group, the backbone 
furthCT comprising at least one methylene unit optionally substituted with at least 
one second electronegative group, 

2) a group comprising a second phenolic ring substituted with hydrogen or at least 
25 one ifaird electronegative group, 

3) a group comprising a third phenolic ring substituted with hydrogen or at least 
one fourth electronegative group, 

wherein. 
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eaoh of the electronegative groups is the same or diffe-ent, and each, of 
the phenolic rings is the same or different 

42. The photoresist composition of claim 41 wherem the group comprising the 
5 second phenolic ring feature comprises a methylene unit optionally substituted with a 

&Sh electronegative group the same or different from the first, second, tibird or fourth 
electronegative groups, 

43. The photoresist of claim 41 or 42 wherein the second phenolic ring feature 
10 comprises a flirther electronegative group. 

44. The photoresist of any one claims 41 through 43 wherein the third 
phenolic ring feature comprises a further electronegative group. 

1 5 45. The photoresist composition of any one claims 41 through 45 wherein the 

polymer comprises a polymerized cresol formaldehyde (novolak) unit. 

46. The photoresist composition of any one of claims 41 through 46 wherein 
the polymer comprises a trifluoromethylphenol unit 

20 

47. The photoresist composition of any one of claims 41 through 46 wherein 
the polymer comprises a polymerized optionally substituted styrene unit 



48. The photoresist of any one of claim 42 through 48 wherem the polymer 
25 comprises a first substituted novolak repeat unit, a substituted second novolak repeat unit 
and a third substituted novolak repeat unit, each of the first, second and third substituted 
novolak units being different 
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49, A photoresist comprising a polymer, Hie polymer comprising units of the 
following formula: 



wherein A is a polymer backbone, B is a ballast moiety, C is an acidic moiety, 
and D is a chenaically cleavable group wherein at least one of A, B, C or D comprises at 
least one electronegative group. 

50, A photoresist of claim 49 wherein the polymer comprises novolak units. 

5L A photoresist of claim 49 wherein the polymer comprises polymerized 
vinylphenol units. 

52. A photoresist of claim 49 wherein the polymer is a novolak or a 
poly(vmylphenol). 

53 . The photoresist of any one of claims 20 through 52 wherein the polymer 
comprises an acid-labile repeat unit separate from a phenoUc umt. 

54. The photoresist of any one of claims 20 through 53 wherein the polymer is 
a terpolymer, tetrapolym^, or pentapolymer. 

55. Thephotoresistof any one of claims 20 through 54 wherein tihe 
photoresist comprises at least two distinct polymers. 
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56. The photoresist of claim 55 wherein one of the two distinct polymers 
comprises aromatic units and the other pplymer is substantially free of aromatic groups. 

57. . A method of forming a photoresist relief image, comprising: 

5 (a) applying a coating layer of a photoresist of any one of clauns 20 through 

56 on a substrate; and 

(b) exposing and developing the photoresist layer to yield a relief unage. 

58. The method of claim 57 wherein the photoresist layer is exposed with 
10 radiation having a wavelength of less than about 200 nnx 

59. The method of claim 57 wherem the photoresist layer is exposed with 
radiation having a wavelength of less than about 170 nm. 

15 60. The method of claim 57 wherein the photoresist layer is exposed with 

radiation having a wavelength of about 157 nm. 

6 1 . The method of claim 57 wherein tiie photoresist layer is deposed with 
radiation having a wavelength of less than about 300 nm. 

20 

62. An article of manufacture comprising a substrate having thereon a 
photoresist of any one of claims 20 through 56. 

63 . An article of claim 62 wherein the substrate is a microelectronic wafer or 
25 an optical-electronic substrate. 

64. A method for producing a halogenated phenolic polymer comprisiag 
oxidizing a polymer and then halogenating the polymer. 
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65. A method of claim 64 wherein the polymer is not halogenated prior to 
oxidatioii. 

66. A method of claim 64 or 65 wherein the polymer is fiuoxinated. 

5 

67/ A method of any one of claims 64 through 66 wherein the polymer is a 
novolak polymer. 

68. A method ofany one of claims 64 throiigh 66 wherein the polymer 
10 comprises polymerized vinylphenol units. 

69. A photoresist composition comprising one or more photoacid generator 
compounds and a halogenated polymer obtainable by steps comprising oxidi2dng a 
polymer and tiien halogenatmg the polymer. 

15 

70. A photoresist of claim 69 wherein the polymer is not halogenated prior to 
oxidation. 

71. A photoresist of claim 69 or 70 wherein the polymer is fluorinated. 

20 

72. A photoresist of any one of claims 69 through 7 1 wherein the polymer is a 
novolak polymer. 

73. A photoresist of any one of claims 69 through 71 wherein the polymer 
25 comprises polymeri2Bd vinylphenol units. 
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